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EFFECTOR PEPTIDES AND RNA MOLECULES 
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FIELD OF THE INVENTION 
The technical field of this invention is methods for screening for transdominant effector 
peptides and RNA molecules selected inside living cells from randomized pools. 

BACKGROUND OF THE INVENTION 

Signaling pathways in cells often begin with an effector stimulus that leads to a 
phenotypically describable change In cellular physiology. Despite the key role 
intracellular signaling pathways play in disease pathogenesis, in most cases, little is 
understood about a signaling pathway other than the initial stimulus and the ultimate 
cellular response. 

Historically, signal IransducBon has been analyzed by biochemistry or genetics. The 
biochemical approach dissects a pathway in a "stepping-stone" fashion: find a 
molecule that acts at. or is involved in. one end of the pathway, isolate assayabie 
quantities and then try to detemwie the next molecule in the pathway, either upstream 
or downstream of the isolated one. The genetic approach is classically a "shot in the 
dark": induce or derive mutants in a signaling pathway and map the locus by genetic 
crosses or complement the mutation with a cDNA library. Limitations of biochemical 
approaches include a reliance on a significant amount of pre-existing knowledge about 
Ihe constituents under study and the need to carry such studies out in vitro, 
post-mortem. Limitations of purely genetic approaches include the need to first derive 
and then characterize the pathway bsfcm prooseding idanSifying and cloning the 
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Screening molecular libraries of chemical compounds for drugs that regulate signal 
systems has led to important discoveries of great clinical significance. Cyclosporin A 
(CsA) and FK506, for examples, were selected in standard pharmaceutical screens for 
inhibition of T^ell activation. It is noteworthy that while these two drugs bind 
5 completely different cellular proteins - cyclophilln and FK506 binding protein (FKBP), 
respectively, the effect of either drug is virtually the same - profound and specific 
suppression of T-cell activation, phenotypically observable in T cells as inhibition of 
mRNA production dependent on transcription factors such as NF-AT and NF-kB. 
Libraries of small peptides have also been successfully screened in vitro in assays for 
10 bioactivitv. The literature is nentetn with Avamniae emsii rt«;»*M^^* ..^.ui. 

modulating a wide variety of signaling pathways. For example, a peptide derived from 
the HfV-1 envelope protein has been shown to block the action of cellular calmodulin. 

A major limitation of conventional in vitro screens is delivery. While only minute 
amounts of an agent may be necessary to modulate a particular cellular response, 
1 5 delivering such an amount to the requisite subcellular location necessitates exposing 
the target cell or system to relatively massive concentrations of the agent The effect 
of such concentrations may well mask or preclude the targeted response. 



Thus, it is an object of the present invention to provide methods and compositions for 
the effective introduction of random libraries into cells to screen for bioactive 
2 0 compounds. 



Relevant Litergt^jm 



Mann et al. (1983) Cell 33. 153-159, Pear et al. (1993) Proc. Natl. Acad. Sci. USA 
90(18):8392-6 and WO 94/19478 describe the BOSC and BING retroviral systems 
useful as delivery vectors for the disclosed methods. 

Scott and Craig (1994) Current Opinion in Biotechnology 5:40-48 review random 
peptide libraries. Hupp et al. (1995) describe snnall peptides which activate the latent 
sequence-specific DNA binding function of p53. Palzkill et al. (1994) report the 
selection of functional signal cleavage sites from a library of random sequences 

introduced \m> TEI^-1 -lectsitifise. 
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SUMMARY OF THE INVENTION 

The invention provides methods and compositions for screening for transdominant 
bioactive agents such as pharmaceuticals. The invention accesses molecules or 
targets within living cells and provides for the direct selection of those bioactive agents 
with desired phenotypic effects. 

In one aspect of the invention, methods for screening for a transdominant bioactive 
agent capable of altering the phenotype of a cell are provided. The methods comprise 
the steps of a) introducing a molecular library of randomized candidate nucleic acids 
into a plurality of cells, wherein each of said nucleic acids comprises a different 
nucleotide sequence; b) screening the plurality of cells fora cell exhibiting an altered 
phenotype, wherein the altered phenotype is due to the presence of a transdominant 
bioactive agent. The methods may also include the steps of c) isolating the cell(s) 
exhibiting an altered phenotype. d) isolating a candidate nucleic acid from the cell(s). 

The invention further provides methods for isolating a target molecule using either a 
candidate nucleic acid or the expression product of a candidate nucleic acid. 

in an additional aspect, the candidate nucleic acids of the invention are linked to fosion 
partners. 

In a further aspect, the invention provides methods for screening for a transdominant 
bioactive agent capable of altering the phenotype of a cell. The methods comprises 
the steps of a) introducing a molecular libraor of randomized candidate nucleic acids 
into a first plurality of cells, wherein each of the nucleic acids comprises a different 
nucleotide sequence; b) contacting the first plurality of cells with a second plurality of 
cells; and c) screening the second plurality of cells for a cell exhibiting an alter«d 
phenotype. 

In an additional aspect, the present invention provides molecular libraries of 
retroviruses comprising different randomized nucleic acids, and cellular libraries 
containing the retroviral libraries. 



IRIEF DESCRIPTION OF THE FIGURES 
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Figure 1. Creation of a library of random peptides in a retrovirus DNA construct by 
PGR. 

Figure 2. Creation of a library of random peptides in a retrovirus DNA construct by 
primed DNA synthesis. 

Figure 3. Presentation constructs for localizing presentation stajctures to specific 
cellular locales. 

Figure 4. Schematic of a retrovira! Gonstnjct. 

DETAILED DESCRIPTJON OF THE INVENTION 

The present invention provides methods and compositions to create, effectively 
introduce into cells and screen compounds that affect a signaling pathway. Little or no 
knowledge of the pathway is required, other than a presur «d signaling event and an 
observable physiologic change in the target ceil. The disclosed methods are 
conceptually distinct firom prior library search methods in that it is an in vivo stratagem 
for accessing intracellular signaling mechanisms. The invention also provides for the 
isolation of the constituents of the pathway, the tools to characterize the pathway, and 
lead compounds for pharmaceutical development. 

The present invention provides methods for the screening of candidate bioactive 
agents which are capable of altering the phenotype of cells containing the agents. The 
methods of the present invention provide a significant improvement over conventional 
screening techniques, as they allow the rapid screening of large numbers of random 
oligonucleotides and their conresponding expression products in a single, in vivo step. 
Thus, by delivering the random oligonucleotides to cells and screening the same cells, 
without the need to collect or synthesize in vitro the candidate agents, highly efficient 
screening is accomplished. In addition, the present methods allow screening in the 
absence of significant prior characterization of the cellular defect per se. 

Thus, the present invention provides nrethods for screening candidate bioactive agents 

fer a) teRsdomirtsint biosctiva BgonX ^^bl© of sltering mo phmoty^ of © ©^i). 
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By -candidate bioactive agents" or "candidate drugs" or 'candidate expression 
products" or grammatical equivalents herein is meant the expression product of a 
candidate nucleic acid which may be tested for the ability to transdomlnantly alter the 
phenolype of a cell. As is described below, the candidate bioactive agents are the 
5 expression products of candidate nucleic acids, and encompass several chemical 

classes, including peptides and nucleic acids such as DNA. messenger RNA (mRNA). 
antisense RNA, ribozyme components, etc. Thus, the candidate bioactive agents 
(expression products) may be either translation products of the candidate nucleic 
acids, i.e. peptides, or transcription products of the candidate nucleic acids, i.e. either 
10 DNA or RNA. 

In a preferred embodiment, the candidate bioactive agents are translation products of 
the candidate nucleic acids. In this embodiment the candidate nucleic acids are 
introduced into the cells, and the ceils express the nucleic acids to form peptides. 
Thus, in this embodiment, the candidate bioactive agents are peptides. Generally, 
peptides ranging from about 4 amino acids in length to about 100 amino acids may be 
used, with peptides ranging from about 5 to about 50 being preferred, with from about 
5 to about 30 being particularly preferred and from about 6 to about 20 being especially 
preferred. 



15 



20 



In a preferred embodiment, the candidate bioactive agents are transcription products 
of the candidate nucleic acids, and are thus also nucleic acids. The transcription 
products may be either primary transcripts or secondary translation products. That is. 
using the retroviral reverse transcriptase, primary DNA is made which are later 
converted into double stranded DNA. Additionally, using the phmary DNA. RNA 
transcripts can be generated within the cell, including mRNA. antisense RNA and 
2 5 ribozymes or portions thereof. 

At a minimum, the candidate bioactive agents comprise randomized expression 
products of the candidate nucleic acids. That is. every candidate bioactive agent has a 
randomized portion, as defined below, that is the basis of the screening methods 
outlined herein. In addition, to the randomized portion, the candidate bioactive agent 
30 may also include a fusion partner. 
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In a preferred embodiment the candidate bioactive agents are linked to a fusion 
partner. By "fusion partner* or functional group" herein is meant a sequence that is 
associated with the candidate bioactive agent, that confers upon all members of the 
library in that class a common function or ability. Fusion partners can be heterologous 
(i.e. not native to the host cell), or synthetic (not native to any cell). Suitable fusion 
partners include, but are not limited to: a) presentation structures, as defined below, 
which provide the candidate bioactive agents in a confomiationally restricted or stable 
form; b) targeting sequences, defined below, which allow the localization of the 
candidate bioactive agent into a subcellular or extraceUuiar compartment; c) rescue 
sequences as defined below, which allow the purification or isolation of either the 
candidate bioactive agents or the nucleic acids encoding them; d) stability sequences, 
which confer stability or protection from degradation to the candidate bioactive agent or 
the nucleic add encoding it, for example resistance to proteolytic degradation; e) 
dimerization sequences, to allow for peptide dinDerizaUon; or f) any combination of a), 
b), c). d), and e), as well as linker sequences as needed. 

In a preferred embodiment, the fusion partner is a presentatton structure. By 
"presentation structure" or grammatical equivalents herein is meant a sequence, 
which, when fused to candidate bioactive agents, causes the candidate agents to 
assume a confbrmationally restricted fomi. Proteins interact with each other largely 
through contormationally constrained domains. Although small peptides with freely 
rotating amino and carboxyl termini can have potent functions as is known in the art, 
the conversion of such peptide structures into phanmacotogic agents is difficult due to 
the inability to predict. skJe-chain positions for peptidomlmetic synthesis. Therefore the 
presentation of peptkJes in conformationally constrained structures will benefit both the 
later generation of phamiaceuticals and will also likely lead to higher affinity 
interactions of the peptide with the target protein. This fact has been recognized in the 
combinatorial library generation systems using biologically generated short peptides in 
bacterial phage systems. A number of workers have constructed small domain 
molecules in which one might present randomized peptide structures. 

While the candidate bioactive agents may be either nucleic acid or peptides, 
presentatbn structures are preferably used with peptide candidate agents. Thus, 

synthetie presesi^tton stmctuirss. i.e. gftiftcisi polyps^ti^as, ans c^^ste of m^mnng 
s randomized peptide as a conformationally-restricted domain. Generally such 
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presentation stjuctures comprise a first portion joined to the N-terminal end of the 
randomized peptide, and a second portion joined to the C-terminal end of the peptide; 
that Is. the peptide is inserted into the presentation stnicture. although variations may 
be made, as outlined below. To increase the functional isolation of the randomized 
5 expression product, the presentation structures are selected or designed to have 
minimal biologically activity when expressed in the target cell. 

Preferred presentation structures maximize accessibility to the peptide by presenting it 
on an exterior loop. Accordingly, suitable presentation structures indude, but are not 
limited to. minibody structures, loops on beta-sheet turns and Goited-coil stem 
10 structures in which residues not critical to structure are randomized, zinc-finger 

domains, cysteine-linked (disulfide) structures, transglutaminase linked structures, 
cyclic peptides. B-toop structures, helical barrels or bundles, leucine zipper motifs, etc. 

In a preferred embodiment, the presentation stnicture is a coiled-coil structure, 
altawing the presentation of the randomized peptide on an exterior loop. See. for 
example. Myszka et al.. Biochem. 33:2362-2373 (1994). hereby incorporated by 
reference, and Figure 3). Using this system investigators have isolated peptides 
capabte of high affinity interaction with the appropriate target. In general, coiled-coil 
structures allow for between 6 to 20 randomized positions. 



15 



20 



A preferred coiled-coil presentatun structure Is as follows: 
MGCflAt,ESEVS/MFRFYftS| FSFYAAI GRGDMP LAAVKSki .«?avkski arvk ^KI 
CGPP. The underiined regions represent a coiled-coil leucine zipper region defined 
previously (see Martin etal.. EMBO J. 13(22):5303-5309 (1994). incorporated by 
reference). The bolded GRGDMP reg»n represents the loop structure and when 
appropriately replaced with randomized peptides (i.e.candidate boactive agents, 
generally depicted herein as (X)„. where X is an amino acid residue and n is an integer 
of at least 5 or 6) can be of variable length. The replacement of the bolded region is 
facilitated by encoding restriction endonuclease sites in the underiined regions, which 
allows the direct incorporation of randomized oligonucleotides at these positions. For 
example, a preferred embodiment generates a Xhol site at the double underiined LE 
30 siteandaHindlllslteatthedoubte-underlinedKLsite. 



25 
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In a preferred embodiment the presentation structure is a minibody structure. A 
"minibody" is essentially composed of a minimal antibody complenDentarity region. The 
minibody presentation structure generally provides two randomizing regions that in the 
folded protein are presented along a single face of the tertiary structure. See for 
5 example Bianchi et al.. J. Mol. Biol. 236(2):649-59 (1994), and references cited therein, 
all of which are incorporated by reference). Investigators have shown this minimal 
domain is stable in solution and have used phage selection systems in combinatorial 
libraries to select minibodies with peptide regions exhibiting high affinity. Kd = 10 ', for 
the pro-inflammatory cytokine IL-6. 

10 A preferred minibody presentation structure is as follows: 

MGRNSQATSm/WYMEWVRGGEYIAASRHlfflMK^ 
QSILYLQKKKGPP. The bold, underline regions are the regions which may be 
randomized. The italtzed phenylalanine must be invariant in the first randomizing 
region. The entire peptide is cloned in a three-oligonucleotide variation of the coiled- 
15 coil embodiment, thii i allowing two different randomizing regions to be incorporated 
simultaneously. This embodiment utilizes non-palindromic BstXI sites on the termini. 

In a preferred embodiment the presentation structure is a sequence that contains 
generally two cysteine residues, such that a disulfide bond may be formed, resulting in 
a confomnationally constrained sequence. This embodiment is particularly preferred 

20 when secretory targeting sequences are used. As will be appreciated by those in the 
art, any number of random sequences, with or without spacer or linking sequences, 
may be flanked with cysteine residues. In other embodiments, effective presentation 
structures may be generated by the random regions themselves. For example, the 
random regions nnay be "doped" with cysteine reskJues which, under the appropriate 

25 redox conditions, may result in highly crosslinked structured conformatbns, similar to a 
presentation structure. Similariy, the randomization regions may be controlled to 
contain a certain number of residues to confer ft-sheet or a-helical structures. 

In a preferred embodiment the fuswn partner is a targeting sequence. As will be 
appreciated by those in the art, the tocalization of proteins within a cell is a simple 
J 0 method for increasing effective concentration and determining function. For example, 

v^h©n l©cs(!2(^ go tt3 mit^shondnii!! msm^r^ing inhibit th© ariti^popMc 
effect of 8CL-2. Similarty. membrane bound Sos induces Ras mediated signaling m T- 
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lymphocytes. These mechanisms are thought to rely on the principle of limiting the 
search space for ligands, that is to say. the localization of a protein to the plasma 
membrane limits the search for its Itgand to that limited dimensional space near the 
membrane as opposed to the three dimensional space of the cytoplasm. Attematively. 
the concentration of a protein can also be simply increased by nature of the 
localization. Shuttling the proteins into the nucleus confines them to a smaller space 
thereby increasing concentration. Finally, the ligand or target may simply be localized 
to a specific compartment, and inhibitors must be localized appropriately. 

Thus, suitable targeting sequences include, but are not limited to. binding sequences 
capable of causing binding of the expression product to a predetemiined molecule or 
class of molecules while retaining bioactivity of the expression product, (for example by 
using enzyme inhibitor or substrate sequences to target a class of relevant enzymes); 
sequences signalling selective degradation, of itself or co-bound proteins: and signal 
sequences capable of constitutively localizing the candidate expression products to a 
predetermined cellular locale, including a) subceUular locations such as the Golgi. 
endoplasmic reticulum, nucleus, nucleoli, nuclear membrane, mitochondria, 
chloroplast. secretory vesicles, lysosome. and cellular membrane; and b) extracellular 
locations via a secretory signal. Particularly preferred is localization to either 
subcellular locations or to the outside of the cell via secretion. 

In a preferred embodiment, the targeting sequence is a nuclear localization signal 
(NLS). NLSs are generally short, positively changed (basic) domains that serve to 
direct the entire protein in which they occur to the cell s nucleus. Numerous NLS 
amino acid sequences have been reported including single basic NLS's such as that of 
the SV40 (monkey virus) large T Antigen (Pro Lys Lys Lys Arg Lys Val). Kalderon 
(1984). et al.. Cell. 39:499-509; the human retinoic acid receptor-G nuclear localization 
signal (ARRRRP); nFkB p50 (EEVQRKRQKL; Ghosh et al.. Cell 62:1019 (1990) 
NFkB p65 (EEKRKRTYE; Nolan et al.. Cell 64:961 (1991); and others (see for ' 
example BouliKas. J. Cell. Biochem. 55(1):32-58 (1994). hereby incorporated by 
reference) and double basic NLS's exemplified by that of the Xenopus (African clawed 
toad) protein, nucleoplasmin (Ala Val Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gin Ala 
Lys Lys Lys Lys Leu Asp). Dingwall, et al.. Cell. 30:449-J58. 1982 and Dingwall, et al.. 
J. Cell Biol.. 107:641-849; 1988). Umnamm Jocalfeafen stydiss hsv© dBrmmmm& 
that NLSs incorporated in synthetic peptides or grafted onto reporter proteins not 
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normaliy targeted to the cell nucleus cause these peptides and reporter proteins to be 
concentrated in the nucleus. See, for example, Dingwall, and Laskey, Ann, Rev. Cell 
Btol., 2:367-390. 1986; Bonnerot et al., Proc. Natl. Acad. Sci. USA. 84:6795^799. 
1987; Galileo, et al., Proc. NatJ. Acad. Sci. USA, 87:458-462. 1990. 

5 In a prefenBd embodlnnent. the targeting sequence is a nr^mbrane anchoring signal 
sequence. This is particularly useful since niany parasites and pathogens bind to the 
membrane, in addition to the fact that many intracellular events originate at the plasma 
membrane. Thus, membrane-bound peptide libraries are useful for both the 
identification of important elennents in these processes as well as for the discover/ of 

10 effective inhibitors. The Invention provides methods for presenting the randomized 
expression product extracellularly or in the cytoplasmic space; see Fig 3. For 
extracellular presentation, a membrane anchoring region is provided at the carboxyl 
terminus of the peptide presentation structure. The randomized epression product 
region is expressed on the cell surface and presented to the extracellular space, such 

1 5 that K lan birnJ to other surface molecules (affecting their function) or rrwlecules 
present In the extracellular medium. The binding of such molecules could confer 
function on the cells expressing a peptide that binds the molecule. The cytoplasmic 
region could be neutral or could contain a donnain that, when the extracellular 
randomized expression product region is bound, confers a function on the cells 

2 0 (activation of a kinase, phosphatase, binding of other cellular components to effect 
function). Similarly, the randomized expression product-containing region could be 
contained within a cytoplasmic region, and the bansmembrane region and extracellular 
region remain constant or have a defined function. 

Membrane-anchoring sequences are well known in the art and are based on the 

2 5 genetic geometry of mammalian transmembrane molecules. Peptides are inserted into 

the nfiembrane based on a signal sequence (designated herein as ssTM) and require a 
hydrophobic transmembrane domain (herein TM). The transmembrane proteins are 
inserted into the membrane such that the regions encoded 5* of the transnnembrane 
domain are extracellular and the sequences 3' beconie intracellular. Of course, if 

3 0 these transmembrane domains are placed 5' of the variable region, they will serve to 

anchor it as an intracellular domain, which may be desirable in some embodiments. 
bbIMb and TMb mm knmn fer q m^Mq mmt^ ©f mambmnQ b©yrcd ^r©t©;ns. mass 
sequences nrray be used accordingly, either as pairs from a particular protein cr with 
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each component being taken from a different protein, or alternatively, the sequences 
may be synthetic, and derived entirely from consensus as artificial deiiveiy domains. 

As will be appreciated by those in the art. membrane^nchoring sequences, including 
both ssTM and TM. are known for a wide variety of proteins and any of these may be 
used. Particularly preferred membrane-anchoring sequences include, but are not 
limited to. those derived from CD8. ICAM-2. IL-8R. CD4 and LFA-I. 

Useful sequences include sequences from: 1) class I integral membrane proteins such 
as IL-2 receptor beta-chain (residues 1-26 are the signal sequence, 241-265 are the 
transmembrane residues; see Hatakeyama et al.. Science 244:551 (1989) and vo7 
Heijne et al. Eur. J. Biochem. 174:671 (1988)) and insulin receptor beta chain 
(residues 1-27 are the signal. 957-959 are the transmembrane domain and 960-1382 
are the cytoplasmic domain; see Hatakeyama. supra, and Ebina et al.. Cell 40:747 
(1985)); 2) class II Integral membrane proteins such as neutral endopeptldase 
(residues 29-51 are the transmembrane domain. 2-28 are the cytor-.asmic domain- see 
Malfroy et al.. Biochem. Biophys. Res. Commun. 144:59 (1987)); .) type Hi proteins 
such as human cytochrome P450 NF25 (Hatakeyama. supra): and 4) type IV proteins 
such as human P-glycoprotein (Hatakeyama. supra). Partteularly preferred are CD8 
and ICAM-2. For example, the signal sequences from CD8 and ICAM-2 lie at the 
extreme 5" end of the transcript These consist of the amino acids 1-32 in the case of 
CD8 (MASPLTRFLSLNLLLLGESILGSGEAKPQAP; ftekauchi et al.. PNAS USA 
82:5126 (1985) and 1-21 in the case of ICAM-2 (MSSFGYRTLTVALFTLICCPG- 
Staunton etal.. Nature (London) 339:61 (1989)). These leader sequences deliver the 
construct to the membrane while the hydrophobic transmembrane domains, placed 3' 
of the random candidate region, sen^e to anchor the consfruct in the membrane. 
These transmembrane domains aro encompassed by amino adds 145-195 from CDS 

(PORPEDCRPRGSVKGTGLDFACDIYIWAPLAGICVALLLSUITLICYHSR;Nakauchi 
supra) and 224-256 from ICAM-2 (MVJIVTWSVLLSLFVTSVLLCFIFGQHLRQQR; 
Staunton, supra). 

Alternatively, membrane anchoring sequences include the GPI anchor, which results in 
a covalent bond between the molecule and the lipM bilayer via a glycosyl- 
phosphatWylinositol bond for exampte in DAF 

(PWKGSGT7SGTTRLLSGHTCFTLTGLLGTLVTMGLLT. with the bolded serine the 
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Site of the anchor see Homans et al.. Nature 333(61 70):269-72 (1988), and Moran et 
al., J. Biol. Chem. 266:1250 (1991)). In order to do this, the GPI sequence from Thy-1 
can be cassetted 3' of the variable region In place of a transmembrane sequence. 

Similarly, myristytation sequences can serve as ntembrane anchoring sequences. It is 
known that the myristylation of c-src recmits it to the plasma nrtembrane. This is a 
simple and effective method of membrane localization, given that the first 14 amino 
acids of the protein are solely responsible for this function: MGSSKSKPKDPSQR (see 
Cross et al, Mol. Cell. Biol. 4{9):1834 (1984); Spencer et al., Science 262:1019-1024 
(1993). both of whicii are hereby incorporated by refsrsnce). This motrf has already 
been shown to be effective in the localization of reporter genes and can be used to 
anchor the zeta chain of the TCR. This motif is placed 5' of the variable region in order 
to localize the construct to the plasma membrane. Other modifications such as 
palmitoylation can be used to anchor constructs in the plasma membrane; for example, 
palmitoylation sequences from the G pnstein-coupled receptor kinase GRK6 sequence 
(LLQRLFSRQDCCGNCSDSEEELPTRL, with the bold cysteines being palmitoiyated; 
Stoffel et al., J. Bioi. Chem 269:27791 (1994)); from rhodopsin 
(KQFRNCMLTSLCCGKNPLGD; Barnstable et al.. J. Mol. Neurosci. 5(3):207 (1994)); 
and the p21 H-ras 1 protein (LNPPDESGPGCMSCKCVLS; Capon etal.. Nature 
302:33 (1983)). 



In a preferred embodiment, the targeting sequence is a lysozomal targeting sequence, 
including, for example, a lysosomal degradation sequence such as Lamp-2 (KFERQ; 
Dice. Ann. N.Y. Acad. Sci. 674:58 (1992); or lysosomal membrane sequences from 
Lamp-1 {MUPIAGFFALAGLVUVLIAY UGRKRSHAGYQr\ Uthayakumar etal., Cell. 
Mol. Biol. Res. 41:405 (1995)) or Lamp-2 

(LVPiAVGAALAGVULVLLAYFI GLKHHHAGyEOf Konecki et la.. Biochem. Biophys. 
Res. Comm. 205:1-5 (1994). both of which show the transmembrane domains in italics 
and the cytoplasmic targeting signal underiined). 

Alternatively, the targeting sequence may be a mitrochondrial localization sequence, 
including nrutochondrial matrix sequences (e.g. yeast alcohol dehydrogenase III; 
MLRTSSLFTRRVQPSLFSRNILRLQST; Schatz. Eur J. Biochem. 165:1^ (1987)); 

mitochcndnal mm? mBmbmm ^uQnoQB (yeast qf^eehr^jfta e onMrn^ mbm\t IV; 
[MLSLRQSIRFFKPATRTLCSSRYLL; Schatz. supra); mitochondrial internmmbrane 
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space sequences (yeast cytochrome cl; 

MFSMLSKRWAQRTLSKSFYSTATGAASKSGKLTQKLVTAGVAAAGITASTLLYADSLT 
AEAMTA; Schatz. supra) or mitochontfrial outer membrane sequences (yeast 70 kD 
outer membrane protein; 

MKSFITRNKTAIUVTVAATGTAIGAYYYYNQLQQQQQRGKK: Schatz. supra). 

The target sequences may also be endoplasmic reticulum sequences, including the 
sequences from calreticulin (KDEL; Pelham. Royal Society London Transactions B; 1- 

10 (1992)) or adenovirus E3/19K protein (LYLSRRSFIDEKKMP; Jackson etal EMBO 
J. 9:3153(1990). 

Furthermore, targeting sequences also include peroxisome sequences (for example, 
the peroxisome matrix sequence from Luciferase; SKL; Keller et al.. PNAS USA 
4:3264 (1987)); famesylatton sequences (for example, P21 H-ras 1; 
LNPPDESGPGCMSCKCVLS, with the bold cysteine famesylated; Capon, supra); 
geranylgeranylation sequences (for example, prote j rab-5A; LTEPTQPTRNQCCSN. 
with the bold cysteines geranylgeranylated; Fams^orth. PNAS USA 91:11963 (1994))- 

ordestructionsequences(cyclinB1;RTALGDIGN;Ktot2bucheretal..EfWIBOJ 13053 
(1996)). 
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25 



30 



In a preferred embodiment the targeting sequence is a secretory signal sequence 
capable of effecting the secretion of the candklate translation product. There are a 
large number of known secretory signal sequences whfch are placed 5' to the variable 
peptide region, and ara cleaved from the peptide region to effect secretion into the 
extracellular space. Secretory signal sequences and their transferability to unrelated 
proteins are weU known. e.g., Silhavy. et al. (1985) Microbioi. Rev. 49. 398^18 TWs 
is particularty useful to generate a peptide capable of binding to the surface of. or 
affecting the physiology of. a target cell that is other than the host cell. e.g.. the cell 
infected with the retrovirus. In a preferred approach, a fusion product is configured to 
contain, in series, secretion signal peptide-presentation structure-randomized 
expression product region^,resenlation structure, see Figure 3. In this manner target 
cells grown in the vidnJty of cells caused to express the library of peptides, are bathed 
.n secreted peptide. Target cells exhibiting a phystotogical change in response to the 
presence of a peptide, e.g.. by tfts peptide bindirig to a mttece receptor or by &s3,g 
mtemalized and binding to Intracelluter tergets. and the secreting cells are localized by 
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any of a variety of selection schemes and the peptide causing the effect determined. 
Exemplary effects include variously that of a designer cytokine (i.e., a stem cell factor 
capable of causing henriatopoietic stem cells to divide and maintain their totipotential), 
a factor causing cancer cells to undergo spontaneous apoptosis, a factor that binds to 
5 the cell surface of target cells and labels them specifically, etc. 

Suitable secretory sequences are known, including signals from IL-2 
{MYRMQLLSCIALSLALVTNS; Villingeretal.. J. Immunol. 155:3946 (1995)). growth 
honnone (MATGSRTSLLLAFGLLCLPWLQEGSAEEI: Roskam et al.. Nucleic Acids 
Res. 7:30 (1979)); preproinsulir, (MALV^ffWRLLPLLALLALWGPDPAAAEyci; Belletal., 
Nature 284:26 (1980)); and influenza HA protein (MKAKLLVLLYAFVAGDQI: 
Sektwawa et al.. PNAS 80:3563)). with cleavage between the non-undertined- 
underiined junction. A particularty prefen^ secretory signal sequence is the signal 
leader sequence from the secreted cytokine IL-4, which comprises the first 24 amino 
acids of IL-4 as follows: MGLTSQLLPPLFFLLACAGNFVHG. 

In a preferred embodiment, the fusion partner is a rescue sequence. A rescue 
sequence is a sequence which may be used to purify or isolate either the candkJate 
agent or the nucleic acid encoding it Thus, for example, peptide rescue sequences 
include purification sequences such as the HiSg tag for use with Ni affinity columns and 
epitope tags for detection, immunopredpitation or FACS (fluoroscence-activated cell 
sorting). Suitable epitope tags include myc (for use with the commercially available 
9E10 antibody), the BSP biotinylation target sequence of the bacterial enzyme BirA, flu 
tags, lacZ. and GST. 

Alternatively, the rescue sequence nnay be a unique oligonucleotide sequence whteh 
serves as a probe target site to aUow the quick and easy isolatwn of the retroviral 
construct, via PGR, related techniques, or hybridization. 

In a preferred embodiment, the fusion partner is a stability sequence to confer stability 
to the candidate bkjactive agent or the nucleic acid encoding it Thus, for example, 
peptkies may be stabilized by the incorporatkjn of glycines after the initiatwn 
nr»thk>nine (MG or MGGO), for protection of the peptide to ubiqultination as per 

VgifBhmfsJty'B E^-ERd l^u!3. thus mn^Bmn§ long Ih^Jf* m tihQ cirtDplissti. SimiSariy, ^jo 
prolines at the C-terminus impart peptides that are largely resistant to 
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carboxypeptidase action. The presence of two glycines prior to the prolines impart 
both flexibility and prevent structure initiating events in the di-proline to be propagated 
into the candidate peptide stmcture. Thus, preferred stability sequences are as 
follows: MG(X)„GGPP. where X is any amino acid and n is an integer of at least four. 

In one embodiment, the fusion partner is a dimerization sequence. A dimerization 
sequence allows the non^valent association of one random peptide to another 
random peptide, with sufficient affinity to remain associated under nom«l physiological 
cond,fons. This effectively allows smallllbraries of random peptides (for example 10^) 
to become large libraries if two peptkles per cell are generated which then dimerize to 
torn, an effective library of 10» (10' x 10^). It also allows the fomiation of longer 
random peptides, if needed, or more structurally complex random peptide molecules. 
The dfmers may be homo- or heterodimere. 

Dimerization sequences may be a single sequence that self-aggregates or two 
sequences, each of which is genP ated in a different retroviral construct That is 
nudeic acids encoding both a f,;-t random peptide wrth dimerization sequence 1 ' and a 
second random peptide with dimerization sequence 2. such that upon introduction into 
a cell and expression of the nucleic acid, dimerization sequence 1 associates with 
dimerization sequence 2 to form a new random peptide structure. 

Suitable dimerization sequences will encompass a wide variety of sequences Any 
number of protein-protein interaction sites are known. In addition, dimerization 
sequences may also be elucidated using standard methods such as the yeast two 
hybnd system, traditional biochemical affinity binding studies, or even using the 
present methods. 



The fusion partners may be placed anywhere (i.e. N-terminal. Ctem,inai, internal) in 
25 the Structure as the biology and activity pemjits. 

in a prefened embodiment the fusion partner includes a linker or tethering sequence 
Linker sequences between various targeting sequences (for example, membrane 
targeting sequences) and the other components of the constructs (such as the 
randomized candidate agents) may be desirable to bS^ ^n^i^^ ^^^^ 
30 interactwithpotentialtargetsunhindered. For example, when the candidate bioactive 
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agent is a peptide, useful linkers include glycine-serine polyniers (including, for 
example, (GS)„. (GSGGS)„ and (GGGS)„, where n is an integer of at least one), 
glycine-alanine potynners. alanine-serine polymers, and other flexible linkers such as 
the tether for the shaker potassium channel, and a large variety of other flexible 
linkers, as will be appreciated by those in the art. Glycine-serine polymers are 
preferred since both of these amino acids are relatively unstructured, and therefore 
may be able to serve as a neutral tether between components. Secondly, serine Is 
hydrophilic and therefore able to solubilize what coukl be a globular glycine chain. 
Third, similar chains have been shown to be effective in joining subunits of 
recombinant proteins such as single chain antibodies. 

In addition, the fusion partners, including presentation structures, may be modified, 
randomized, and/or matured to alter the presentation orientation of the randomized 
expression product. For example, determinants at the base of the loop may be 
modified to slightly modity the internal loop peptide tertiary structure, whrch maintaining 
the randomized amino acid sequence. 

In a preferred embodiment, combinations of fuston partners are used. Thus, for 
example, any number of combinations of presentation structures, targeting sequences, 
rescue sequences, and stability sequences may be used, with or without linker 
sequences. As is more fully described below, using a base vector that contains a 
cloning site for receiving random and/or biased libraries, one can cassette in various 
fusion partners 5' and 3' of the library. Table 1 outlines some of the possible 
combinations (without specifying the presentation structures) as follows. Using V as 
the variable cloning site for the random nucleic add libraries, and representing each 
fusbn partner by another letter, (i.e. N for nuclear localization sequence) each 
construct can be named as a string of representative letters reading 5' to 3* read as 
nucleic acid or N-terminal to C-tenminal read as protein, such as NV or if doned 
downstream of the variable region. VN. As implied here, the fusion partner sequences 
are cloned as cassettes into sites on either side of the variable region. C is for 
cytoplasms (i.e. no localizatbn sequence). E is a rescue sequence such as the myc 
epitope, G is a linker sequence (G10 is a glydne-serine chain of 10 amino acids, and 
G20 is a glydne-serine chain of 20 amino adds). M is a myristylatton sequence. N Is a 
mclmr Es^lkstion ssqusfjee. mTM is th© signsJ so^uone© fer si tensmsm^rans 
sinchoring sequence. Tfyi is the transntembrane arK:horing sequence. OPi is a GPII 
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membrane anchor sequertce; S is a secretory signal sequence, etc. As will be 
appreciated by those in the art. any number of combinations can be made, in addition 



to those listed betow. 



cytoplasmic 


w V 




^ e tj 

C t V 




C VE 


secreted 


S V 




0 E 
S E V 




S VE 


myristylated 


MV 




ME V 




M E G20 V 


transmembrane (intracellular) 


ssTMV 


* 


ssTMVTM 




ssTMVETM 




SSTMVG20ETM 




ssTMVE 


transmembrane (GPI linked) 


ssTMVGETM 


nuclear localization 


NEV 




N VE 



As will be appreciated by those in the art. these modules of sequences can be used In 
a large number of combinations and variations. In addition, as discussed herein, it is 
possible to have more than one variable region in a construct, either to together form a 
new surface or to bring two other molecules together. 

In a preferred embodiment a candidate bioactive agent linked to a presentation 
stnjcture is added at the variable region cloning site. V. above. Alternatively, no 
presentation structure is used, giving a free' or-nonswnstrained' peptide or 
expression product 



Prefemed embodiments include the following: 
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a) intracellular, membrane-anchored, linked (i.e. tethered) free peptide: 

MRPLAGGEHTMASPLTRFLSLNLLLLGESIILGSG PQRPEDCRPRGSVKGTCI np^r 
DIYIWAPLAGICVAI LLSL\\TL\cyH^R-n!^an<ir^<ina<ir2<:rzn^^ 

(X)„^GPP. with the secretion signal from murine CDS in bold, the transmembrane re- 
5 gion of CDS in underline, and the linker, to provide flexibility (glycine) and solubility 
(serine) In italics. (X)„ represents the random peptide, where n is an interger greater 
than about six. A preferred embodiment utilizing this stmcture utilizes biased peptides, 
as described below, for example using biased SH-S domain-binding peptide libraries in 
the non-constrained peptide structures, since a number of surface receptor signaling 
1 0 systems employ SH^3 domains as part of the signaling apparatus. 

b) intracellular, membrane-achored, linked coiled coil: 

MRPLAGGEHTMASPLTRFLSLNLLLLGESIILGSG PQRPEDCRPRGSVKGTni nPft ^ 
PIY|WAPLAGICVALLLSLIITLICYHSRf?<?r;r?5?/?cr^^Qr^co^ 

AALE$eV$ALSSSVASLESEVAAl ' (X). ^LAAVKSKLSAVKSKLA<i\/K.^^i AA nr.oo ^^h 
15 the coiled-coil structure shown in underlined italics. 

c) surface-tethered extracellular, non-constrained: 
MRPLAGGEHTiyiASPLTRFLSLNLLLLGESIILGSGGG-(X)„- 

GGSGGSGSGGSGSGGSGSGGSGSGGSGG GPQRPEDCRPRGSVKGTGLDFACniY 
IWAPLAGICVALI I Rl im If^YHffR^^PP 

20 d) surface-tethered, extracellular constrained: 

MRPLAGGEHTMASPLTRFLSLNLLLLGESIILGSGGGC 4ALg5g\/SALP5;p\/i^ff ^^^^ 

im-{X)„- 

LAAVKSKLSAVK5iKLASVKSKLAAnnn<iari<in.^nn^n<i^^ 
QRPEDCRPRGSVKGTGLDFACDIYI WAPLAGICVAt LLSLIITLICYHRR GGPP 
25 e) secreted, non-constrained: 

MRPLAGGEHT!yiASPLTRFLSLNLLLLGESIILGSGGG-(X)n-GGPP. 

f) secreted, constrained: 

MRPLAGGEHTMASPLTRFLSLNLLLLGESnLGSGGG >ULgSg\/SALR«5Fl/^ff ^^ 

AAL-(X).^LAAVKSI^SAVKSKLASVKRKI ^AHOPP 

3 0 The candidate bioadive agents as described above are encoded by candklate nucleic 
acids. By "candidate nucleic acids" herein is nwant a nucleic acid, generally RNA 
when retroviral delivery vehicles are used, which can be expressed to form candklate 

bioscSsvG ©eents; es. fclho (^rtdidat© nuclQie eci^s Oftcod© ttho cendi^aHo tec^Q 
agents and the fusion partners, if present In addition, th© candidate nudeic adds will 
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also generally contain enough extra sequence to effect translation or transcription, as 
necessary. For a peptide library, the candidate nucleic add generally contains cloning 
sites wtiich are placed to allow in frame expresston of ttje randomized peptides, and 
any fusion partners, if present, such as presentation structures. For example, when 
presentation structures are used, the presentation structure will generally contain the 
initating ATG. as a part of the parent vector. For a RNA library, the candidate nucleic 
acids are generally constructed with an internal CMV promoter, tRNA promoter or ceU 
specific promoter designed for immediate and appropriate expression of the RNA 
structure at the initiation site of RNA synthesis. The RNA is expressed anti-sense to 
the direction of retroviral synthesis and is temiinated as known, for example with an 
orientation specific terminator sequence. Interference from upstream transcription is 
alleviated in the target cell with the self-inactivation deletion, a common feature of 
certain retroviral expression systems. 

Generally, the candidate nucleic acids are expressed within the ceils to produce 
expression products of the candidate nucleic acids. As ouUlned above, the expression 
products include translation products, i.e. peptides, or transcription products, i.e. 
nucleic acid. 



20 



25 



30 



The candidate bioactive agents and candidate nucleic acids are randomized, either 
fully randomized or they are biased in their randomization, e.g. in nucleotide/residue 
frequency generally or per position. By -randomized" or grammatical equivalents 
herein is meant that each nucleic acid and peptide consists of essentially random 
nucleotides and amino acids. respectiveV- As is more fully described below, the 
candidate nucleic acids which give rise to the candidate expression products are 
Chemically synthesized, and thus may incorporate any nucleotide at any position. 
Thus, when the candidate nucleic adds are expressed to form peptides, any amino 
acid residue may be incorporated at any position. The synthetic process can be 
designed to generate randomized nucleic acids, to allow the formation of all or most of 
the possible combinations over the length of the nucleic acid, thus forming a library of 
randomized candidate nucleic adds. 

The library should provide a sufiidently structurally diverse population of randmized 
expression products to effect a prs^bfetijsiiy sufRcisnt t^gg of cGllaisr rosponsss to 
pmvide one or mora cells exhibiting a desired response. Accordingly, an interaction 
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library must be large enough so that at least one of its members will have a structure 
that gives it affinity for some nrx)lecule, protein, or other factor whose acth^ity is 
necessary for completion of the signaling pathway. Although it is difficult to gauge the 
required absolute size of an interaction library, nature provides a hint with the immune 
5 response- a diversity of 1 0^1 0* different antibodies provides at least one combination 
with sufficient affinity to interact with most potential antigens faced by an organism. 
Published in vitro selection techniques have also shown that a library size of lOMo 10" 
is sufficient to find structures with affinity for the target. A library of all combinations of 
a peptide 7 to 20 amino acids in length, such as proposed here for expression in retro- 

10 viruses, has the potential to code for 20' (10^) to 20*° . Thus, with libraries of 10' to 10* 
per ml of retroviral particles the present methods allow a "working" subset of a 
theoretically complete interaction library for 7 amino acids, and a subset of shapes for 
the 20" library. Thus, in a prefen-ed embodinoent. at least 10®. preferably at least 10'. 
more preferably at least 10" and most preferably at least 10» different expression 

1 5 products are simultaneously analyzed in the subject methods. Preferred methods 
maximize library size and diversity. 

It is important to understand that in any library system encoded by oligonucleotide 
synthesis one cannot have complete control over the codons that will eventually be 
incorporated into the peptide structure. This is especially true in the case of codons 
2 0 encoding stop signals (TAA, TGA. TAG). In a synthesis with NNN as the random 

region, there is a 3/64, or 4.69%, chance that the codon will be a stop codon. Thus, in 
a peptide of 10 residues, there is an unacceptable high likelihood that 46.7% of the 
peptides will prematurely terminate. For free peptide structures this is perhaps not a 
problem. But for larger structures, such as those envisioned here, such terminatton 

2 5 will lead to sterile peptide expression. To alleviate this, random residues are encoded 

as NNK, where K= T or G. This allows for encoding of all potential amino acids 
(changing their relative representation slightly), but importantly preventing the encoding 
of two stop residues TAA and TGA. Thus, libraries encoding a 10 amino acid peptide 
will have a 15.6% chance to tenninate prematurely. For candkiate nucleic aads which 

3 0 are not designed to result in peptide expression products, this is not necessary. 

In one embodiment the library is fully randomized, with no sequence preferences or 

c^nsfents Bt any ^itfoji. Itn m pjBfsrrsd embodirinsyit. tha llbmry m biassod. Jhdt is, 
some positions within the sequence are either held constant, or are selected from a 
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limited number of possibilities. For example, in a prefened embodiment the 
nucleotides or amino acid residues are randomized within a defined class, for example, 
of hydrophobic amino adds, hydrophilic residues, sterically biased (either small or 
large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3 
domains, serines, threonines, tyrosines or histidines for phosphorylation sites, etc.. or 
to purines, etc. 
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In a preferred embodiment, the bias is towards peptides or nucleic adds that interact 
with known classes of molecules. For example, when the candidate bioactive agent is 
a peptide, it is known that much of intracellular signaling is carried out via short regions 
of polypeptides interacting with other polypeptides through small peptide domains For 
instance, a short region from the HIV-1 envelope cytoplasmic domain has been 
previously shown to block the action of cellular calmodulin. Regnns of the Fas 
cytoplasmic domain, which shows homology to the mastoparan toxin from Vtesps, can 
be limited to a short peptide regk>n with death-inducing apoptotic or G protein indudng 
functions. Magarnin, a natural peptide derived from Xenopus. can have potent anti- 
tumour and anti-microbial activity. Short peptide fragments of a protein kinase C 
isozyme (SPKC). have been shown to block nudear translocation of QPKC in Xenopus 
oocytes foltowing sUmulation. And. short SH-3 target peptides have been used as 
psuedosubstrates for spedfic binding to SH-3 proteins. This is of course a short list of 
available peptides with biologkal activity, as the literature is dense in this area. Thus, 
there is mudi precedent for the potential of small peptides to have activity on 
intracellular signaling cascades. In additk,n, agonists and antagonists of any number 
of molecules may be used as the basis of biased randomization of candidate bioactive 
agents as well. 

Thus, a number of molecules or protein domains are suitable as starting points for the 
generatton of biased randomized candidate bnactive agents. A large number of small 
molecule domains are known, that confer a common function, structure or affinity. In 
addition, as is appreciated In the art. areas of weak amino add homology may have 
strong structural homotogy. A number of these molecules, domains, and/or 
conesponding consensus sequences, are known, induding. but are not limited to, SH- 
2 donrains, SH-3 domains, Pled«trin. death domains, protease deavageAecognitton 
sites, enzyme inhibitors, enzyme substrates. Traf, ®tc. Similarly, ths?© aro a Rumbsr of 
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known nucleic ackJ binding proteins containing donnains suitable for use in the 
invention. For example, leucine zipper consensus sequences are known. 

Where the ultinnate expression product is a nucleic acid, at least 10. preferably at least 
12. more preferably at least 15, most preferably at least 21 nucleotkie positions need 
to be randomized, with more preferable if the randomization is less than perfect. 
Similarly, at least 6. preferably at least 6. more preferably at least 7 amino acid 
positions need to be randomized; again, more are preferable if the randomization is 
less than perfect. 



In a preferred embodiment, biased SH-3 domain-binding oligonucleotides/peptides are 
made. SH-3 domains have been shown to recognize short target motife (SH-3 
domain-binding peptides), about ten to twelve residues in a linear sequence, that can 
be encoded as short peptides with high affinity for the target SH-3 domain. Consensus 
sequences for SH-3 domain binding proteins have been proposed. Thus, in a 
preferred embodiment, oligos/peptides are ms ie with the following biases 

1 . XXXPPXPXX, wherein X is a randomized residue. 

2. (within the positions of residue positions 11 to -2): 
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Met 
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aa8 


aa7 
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Leu 


Pro 


Pro hyd 


0 
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Pro 


hyd hyd Gly 


Gly 


Pro 


Pro 


STOP 








atg 


ggc nnk nnk 


nnk 


nnk 


nnk 


aga cct 


ctg 


cct 


cca sbk 


ggg 


sbk sbk gga 


ggc 


cca 


cct 


TAAl. 









In this embodiment, the N-temrtinus flanlting region is suggested to have the greatest 
effects on binding affinity and is therefore entirely randomized. "Hyd" indicates a bias 
toward a hydrophobic residue, i.e.. Val. Ala. Gly, Leu. Pro, Arg. To encode a 
hydrophobically biased residue, -sbk" codon biased structure is used. Examination of 
the codons within the genetic code will ensure this encodes generally hydrophobic 
residues. s= g.c; b= t, g, c; v= a. g. c; m= a. c; kt= t g; n= a, t. g, c. 
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The candidate nucleic adds are introduced into the cells to screen for transdominant 
bioactive agents capat>ie of altering the phenotype of a cell. By 'introduced into ' or 
grammatical equivalents herein is meant that the nucleic acids enter the cells in a 
manner suitable (or subsequent expression of the nucleic add. The method of 
introduction is large^. dictated by (he targeted cell type, discussed below. Exemplary 
methods include CaPO. predpitation. liposome fusion, lipofectin®. electroporation 
v.ral infection, etc. The candidate nucleic acids may stably integrate into the genome 
Of the host cell (for example, with retroviral introduction. ouUined below), or may exist 
e>ther transiently or stably in the cytoplasm (i.e. through the use of traditional plasmids 
utilizing standard regulatoiy sequences, selection marker?, etc.). As many 
pham«ceutically important screens require human or model mamma targets 
retroviral vectors capable of transfecting such targets are pretered. 

In a preferred embodiment, the candidate nudeic adds are part of a retroviral partide 
whid, infects the cells. Generally, infection of the cells is straightfbnrard with the 
application of the infecSon^nhancing reagent polybrene. which is a polycation that 
fecilitates Viral binding to the target cell. Infection can be optimized sud, that ead, cell 
generally expresses a single construct, using the ratio of virus partides to number of 
cells. Infection follows a Poisson distribution. 

In a preferred embodiment the candidate nudeic acids are introduced into the cells 
using retroviral vectors. Currently, the most efficient gene transfer methodologies 
harness the capacity of engineered viruses, sud, as retroviruses, to bypass natural 
cellular barriers to exogenous nuclec acid uptake. The use of recombinant retroviruses 
was proneered by Rldiard Mulligan and David Baltimore with the Psi.2 lines and 
anatogous retrovirus padaging systems, based on NIH 3T3 cells (see Mann et al 
Cell 33:153-159 (1993). hereby incorporated by reference). Such helpernlefective' 
pad«g,ng lines are capable of produdng all the necessary trans proteins -gag pol 
and env- that are required for padcaging. processing, reverse transcriptk,n. and 
-ntegrafon of recombinant genomes. Those RNA molecules that have in cis the v 
packaging signal are padcaged into maturing virions. Retroviruses are preferred for a 
numberofreasons. Rrst. their derivation is easy. Second, unlike Adenovirus-medi- 
ated gene delh^ery. expression from retrovinises is tong-term (adenovinises do not 
mtegrate). Adeno^ssociated viruses have limited space fer gsnes 2nd reguteto^ 
unte and there is some controversy as to their ability to integrate. Retroviruses 
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therefore offer the best current compromise in terms of long-term expression, genomic 
flexibility, and stable integration, among other features. The main advantage of 
retroviruses is that their integration into the host genome allows for their stable 
transmission through cell division. This ensures that in cell types which undergo 
multiple independent maturation steps, such as hematopoietic cell progression, the 
retrovirus construct wUI remain resident and continue to express. 

A particularly well suited retroviral transfection system is described in Mann et al., 
supra: Pearetal., PNAS USA 90{18):8392-6 (1993); Kitamura etal., PNAS USA 

92:9146-9150 (1995): Kinsella 

, ,j,wicjpy f. i4u5-i4 ij; riormannet 

al.. PNAS USA 93:5185-5190; Choate et al.. Human Gene Therapy 7:2247 (1996); and 
WO 94/19478; and references cited therein, all of which are incorporated by reference. 

In one embodiment of the invention, the library is generated in a retrovirus DNA 
construct backbone, as is generally described in the examples. Standard 
oUgonudeotide synthesis is c >ne to generate the random portion of the candidate 
bioactive agent using techniques well known In the art (see Eckstein. Oligonucleotides 
and Anatogues. A Practwal Approach. IRL Press at Oxford University Press. 1991); 
libraries may be commercially purchased. Libraries with up to 10» unique sequences 
can be readily generated in such DNA backbones. After generation of the DNA library, 
the library is doned into a first primer. The first primer serves as a "cassette", which is 
inserted into the retroviral construct The first primer generally contains a number of 
elements, including for example, the required regulatory sequences (e.g. translatten. 
transcription, promoters, etc), fusion partners, restriction endonuclease (cloning and 
subcloning) sites, stop codons (preferably in all three frames), regions of 
complementarity for second strand priming (preferably at the end of the stop codon 
regton as minor deletions or insertrons may occur in the random region), etc. 



A second primer is then added, which generally consists of some or aH of the 
complementarity region to prime the first primer and optfonal necessary sequences for 
a second unique restriction site for subcloning. DNA polymeiase is added to make 
double-stranded oligonucleotides. The double-stranded oligonucleotides are deaved 
3 0 with the appropriate subcfoning restriction endonucleases and subcloned into the 
tsrget i^trowiisl weeters. ^gscriSjsd baicw. 
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Any number of suitable retroviral vectors may be used. Generally, the retroviral 
vectors may include: selectable marker genes under the control of intemal ribosome 
entry sites (IRES), which allows for bicistronic operons and thus greatly facilitates the 
selection of cells expressing peptides at unifbm,ly high levels; and promoters driving 
expression of a second gene, placed in sense or anti-sense relative to the 5' LTR 
Suitable selection genes include, but are not limited to. neomycin, blastocidin 
bleomycin, puromycin. and hygromycin resistance genes, as well as self-fiuor^scent 
markers such as green fluoroscent protein, enzymatic markers such as lacZ. and 
surface proteins such as CDS. etc. 

Preferred vectors include a vector based on the murine stem cell vims (MSCV) (see 
Hawley et al.. Gene Therapy 1 :136 (1994)) and a modified MFG virus (Rivere et al 
Genetk« 92:6733 (1995)). and pBABE. outlined in the examples. A general schematic 
of the retroviral construct is depk:ted in Figure 4. 

The retroviruses may include inducible and constitutive promoters. For example there 
are situations wherein it is necessary to induce peptide expression only during certain 
phases Of the selectton process. For instance, a scheme to provide pro-inflammatory 
cytokines in certain instances must include induced expression of the peptides This is 
because there is some expectation that over^xpressed proinflammatory drugs might 
-n the tong-tem, be detrimental to cell growth. Accordingly, constitutive expression is 
undesirable, and the peptide is only turned on during that phase of the selection 
process when the phenotype is required, and then shutthe peptide down by turning off 
the retroviral expresston to confim, the effect or ensure tong-tem, survival of the 
producer cells. A large number of both inducible and constitutive promoters are 
known. 



25 



30 



in addition, it is possible to configure a retroviral vector to allow inducible expression of 
retroviral inserts after integration of a single vector in target cells; importantly the 
entire system is contained within the single retrovirus. Tet-inducible retroviruses have 
been diesgned incorporating the Self-Inactivating (SIN) feature of 3" LTR 
enhancer/promoter retroviral deletion mutant (Hoffman et al.. PNAS USA 93 5185 
(1996)). Expression of this vector in cells is virtually undetectable in the presence of 
tetracycline or other active analogs. However, in the atenos of Tet expnsssion is 
turned on to maximum within 48 hours after induction, with unifom. increased 
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expression of the whole population of cells that hartwr the inducible retrovirus, 
indicating that expression is regulated unifbrnily within the infected cell population. A 
similar, related system uses a mutated Tet DNA-binding domain such that it bound 
DNA in the presence of Tet and was removed in the absence of Tet. Either of these 
5 systems is suitable. 
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In this manner the primers create a library of fragments, each containing a different 
random nucleotide sequence that may encode a different peptide. The ligation 
products are then transformed into bacteria, such as E. coli. and DNA is prepared from 
the resulting library, s$ is generally outlined in Kitamura. PNAS USA 92:9i46-9lS0 
{1995), hereby expressly incorporated by reference. 

Delivery of the library DNA into a retroviral packaging system results in conversion to 
infectious virus. Suitable retroviral packaging system cell lines indude. but are not 
limited to. the BIng and BOSC23 cell lines described in WO 94/19478; Soneoka et al.. 
Nuclete Acid : ^es. 23(4):628 (1995); Finer et al.. Btooa 83:43 (1994); Pheonix 
packaging lines such as PhlNX-eco and PhiNX-ampho. described betaw; 292T * gag- 
pol and retrovirus envelope; PA317; and cell lines outlined in Mariujwitz etal., Virology 
167:400 (1988). Maritowitz et al.. J. Virol. 62:1120 (1988). U et al.. PNAS USA 
93:11658 (1996), Kinsella et al.. Human Gene Therapy 7:1405 (1996). all of which are 
incorporated by reference. 



Preferred systems include PhiNX-eco and PhiNX-ampho or similar cell lines, vifhich are 
two cells lines as foltows. The ceH lines are based on the BING and BOSC23 cell lines 
described in WD 94/19478, whk:h are based on the 293T cell line (a human embryonic 
kidney Hne transfomwd vrith adenovirus Ela and carrying a temperature sensitive T 
antigen co-selected with neomycin). The unique feature of this cell line is that it is 
25 highly transfectable with either calcium phosphate mediated transfectkm or lipid-based 
transfection protocols - greater than 50% of 293T cells can be transiently transfected 
with plasmid DNA. Thus, the cell line couU be a cellular milieu in which retroviral 
stnjctural proteins and genomk: viral RNA could brought together rapidly lor creation of 
helperKlefective vine. 293T cells were therefore engineered virith stably integrated 
defective constructs capable of producing gag-pol. and envelope protein for either 
ecotropic or amphstroptc viju§©§. Thess linss wens cslted BOSC23 gitRg, 
fBspecthrely. TTie utility of these lines was that one could produce small amounts oJ 
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advantages over previous stable systems in that vims could be produced in days 
rather than months. 
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Two problems became apparent with these first generation lines over the two years 
«|ey have been in w^e use. First, gag-po. and envetope expression was unstable and 
the imes required vigilant checking for retroviral production capacity; second the 
structure of the vectors used for protein pn^duction were not consKlered fully "safe" for 
helper vrus p,oduc«o„; and third, one of the lines was shown to be inadvertentV carry- 
mg a hygmmycin-containing retrovirus. Although theBINQ and BOSC23 linesare 
useful ,n the present invention, all of these potentially problematic issues ar* 
addressed in the PhiNX second-generaBon lines. These lines ar. based on 293T cells 
as well, wth the following improvements. First, the ability to monitor gag-po. 
production on a cell-by cell basis was made by introducing an IRES-CD8 surface 
ma^er egression cassette downstream of the reading frame of the gag-po. construct 
(ojher surface markers besides CDS are also useful,. ,RES (internal ribo. ome entry 
srte) sequences allow secondary or tertiary protein translation from a sir.,le mRNA 
t^nscript. Thus. CD8 expression is a direct reflection of intracellular gag^>ol and the 
stabrlrty of the producer cell population s abilrty to produce gag-pol can be readily 
n^nrtored by ftow cytometry. Second, for both the gag-po. and envelope constructs 

retrcvrra. constructs, and d«fe,ent promoters for gag-pol and envelope were used to 
rn.n.m.e their inter-recombination potential. The promoters used were CMV and RSV 
Two cell hnes were created. PHEONIX-ECO and PHEONIX-AMPHO. Gag-po. was 
.ntroduced with hygromycin as the ccselectat^e marker and the em^elope proteins 
v^re-ntroducedwithdipther^^lslanceastheco-s^ectabte^rker. pTna^T 

atZdTr*°""'''''"^^''^'^""^^^"^"-"^^««^'-^-in 
aun^n.d«tnbu.on.a«houghthte^ ^ 

PHEONIX-gp has been produced that expresses on^ gag-pol. This line is available 
forhrrtherpseudotypingof retro^ral vihons with other envelope proteins such as 
grbbon ape leukemia virus envetope or Vesicular Stomatitus VSV-G protein 
Xenotropic. or retargeting envelopes can also be added. 

...established as being h^per-virusf^. Both lines can carry ep^mesl^^^ 
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creation of stable cell lines which can be used to produce retrovirus. Both tines are 
readiV testable by flow cytometry for stability of gag-pol (CDS) and envelope ex- 
pression; after several months of testing the lines appear stable, and do not 
demonstrate loss of titre as did the first-generation lines BOSC23 and Bing (partly due 
5 to the choice of promoters driving expression of gag-pol and envelope). Both lines can 
also be used to transiently produce virus in a few days. Thus, these new lines are fully 
compatible with transient, episomal stable, and library generaUon for retroviral gene 
transfer experiments. Finally, the titres produced by these lines have been tested. 
Using standard polybrene-enhanced retroviral infection, titres approaching or above 

10 10' oer ml were obsprveH fnr both ducomiv ««« ..^ nuc^tj'^ ■ ■ 

— — j-j -~'""^-«w«aiiO f-nEwniiA-ampnownen carrying 

episomal constructs. When transiently produced virus is nnade. titres are usually 1/2 to 

1/3 that value. 
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These lines are helper-virus free, cany episomes for long-term stable production of 
retroviros, stably produce gag-pol and env. and do not demonstrate loss of viral titre 
over tifT>e. In additon. PhiNX-eco and PhiNX-ampho are capable of producing titres 
approaching or above 10' per ml when carrying episomal constructs, which, with 
concentration of virus, can be enhanced to 10* to 10' per ml. 

In a preferred embodiment the cell Unes disclosed above, and the other methods for 
producing retrovirus, are useful for production of virus by transient transfection. The 
virus can either be used directly or be used to infect another retroviral producer cell 
line for "expansion" of the library. 

Concentration of virus may be done as follows. Generally, retroviruses are titred by 
applying retrovirus-containing supernatant onto indicator cells, such as NIH3T3 cells, 
and then measuring the percentage of ceils expressing phenotypic consequences of 
infection. The concentration of the virus is determined by multipying the peroentage of 
cells infected by the dilution factor involved, and taking into account the number of 
target cells available to obtain a relative titre. If the retrovirus contains a reporter gene, 
such as lacZ. then infection, integration, and expression of the recombinant virus is 
measured by histological staining for lacZ exprssion or by flow cytometiy (FACS). In 
general, retroviral titres generated from even the best of the producer cells do not 
QKcasd 10^ ^r tnl, untass corjcsatetiofi &y nstetivQjy GxponsivQ or skoJic sppsraSys. 
However, as it has been recently postulated that since a particle as large as a 
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retrovirus will not move very far by brownian motion in liquid, fluid dynamics predicts 
that much of the vims never comes in contact with the celis to initiate the infection 
process. However, if cells are grown or placed on a porous filter and retrovirus is 
allowed to move past cells by gradual gravitometric flow, a high concentration of virus 
5 around cells can be effectively maintained at all times. Thus, up to a ten-fold higher 
infectivity by infecting cells on a porous membrane and allowing retrovirus supernatant 
to flow past them has been seen. This should allow litres of 1 0» after concentration. 

The candidate nucleic acids, as part of the retroviral construct, are introduced into the 

cells to screen for transdominant bioactive agents caoable of altering h,« sKe-— b6 
10 acell. " -I-..S — p..e..v.,Kew, 

AS Will be appreciated by those in the art, the type of cells used in the present invention 
can vary widely. Basically, any mammalian cells may be used, with mouse rat 
pnmate and human cells being particularly preferred, although as will be appreciated 
by those in the art modifications of the system by pseudc;yping allows all eukaryotic 
cells to be used, preferably higher eukaryotes. As is mc .e fully deschbed below a 
screen will be set up such that the cells exhibit a selectable phenotype in the prince 
of a b.oactive agent As is more fulty described below, cell types implicated in a wide 
vanety of disease conditions are particularly useful, so long as a suitable screen may 
be designed to allow the selection of cells that exhibit an altered phenotype as a 
consequence of the presence of a transdominant bioactive agent within the cell. 

Accordingly, suitable cell types include, but are not limrted to. tumor cells of all types 
(partcularly melanoma, myeloid leukemia, carcinomas of the lung, breast ovaries 
colon, kidney, prostate, pancreas and testes), cardiomyocytes. endothelial cells ' 
eprthelial cells, lymphocytes (T^li and B cell) . mast cells, eosinophils, vascular 
intimal celis. hepatocytes. leukocytes including mononuclear leukocytes, stem cells 
such as haemopoetic neurel. skin. lung, kidney, liver and myocyte stem cells (for use 
m screening for differentiation and de^lifferentiation factors), osteoclasts, chondrocytes 
and otherconnective tissue cells, keratinocytes. melanocytes, liver cells, kidney cells 
and adipocytes. Suitable cells also include known research cells, including, but not ' 
Lmited to. Juncat T cells. NIH3T3 cells. CHO. Cos. etc. See the ATCC cell line catalog 
hereby expressly incorporated by refersncs. 
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In one embodiment, the cells nr^y bB genetically engineered, that is, contain 
exogeneous nucleic add, for exannple, to contain target molecules. 

In a preferred emt)odiment a first plurality of cells is screened. That is. the ceils into 
which the candidate nucleic acids are introduced are screened far an altered 
phenotype. Thus, in this embodiment, the effect of the transdominant bioactive agent 
is seen in the same cells in which it is made; I.e. an autocrine effect. 

By a "plurality of cells' herein is meant roughly from about 10^ cells to 10" or 10«, with 

from 10^ to 10* bRinn nrpfprrori Thie r%u»rf%n^t ^* ^^n^ 

J , — c — - K*««<»*'^7 WI wciio comprises a ceifuiar iiorary, 

wherein generally each cell within the library contains a member of the retroviral 
molecular library, i.e. a different candidate nucleic acid, although as will be appreciated 
by those in the art. some cells within the library may not contain a retrovirus, and some 
may contain nrwre than one. When methods other than retroviral infection are used to 
introduce the candidate nucleic acids into a plurality of cells, the distribution of 
candidate nucleic acids within the individual cell members of the cellular library may 
vary widely, as it is generally difficult to control the number of nucleic acids which enter 
a cell during electroporation. etc. 



In a preferred embodiment, the candidate nucleic acids are introduced into a first 
plurality of cells, and the effect of the candidate bioactive agents is screened in a 
second or third plurality of cells, different from the first plurality of cells, i.e. generally a 

2 0 different cell type. That is. the effect of the transdominant bioactive agents is due to an 
extracellular effect on a second cell; i.e. an endocrine or paracrine effect. This is done 
using standard techniques. The first plurality of cells may be grown in or on one 
media, and the media is allowed to touch a second plurality of cells, and the effect 
measured. Alternatively, there may be direct contact between the cells. Thus. 

2 5 "contacting" is functional contact, and includes both direct and indirect in this 
embodinrwnt. the first plurality of cells may or may not be screened. 

If necessary, the cells are treated to conditions suitable for the expression of the 
candidate nucleic acids (for example, when inducible promoters are used), to produce 
the candidate expression products, either translation or transcription products. 
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Thus, the methods of the present invention comprise introducing a molecular library of 
randomized candidate nucleic acids into a plurality of cells, a cellular library Each of 
the nucleic acids comprises a different, generally randomized, nucleotide sequence 
The plurality of ceUs is then screened, as is more fully outlined below, for a cell 
exh.b.tng an altered phenotype. The altered phenotype is due to the presence of a 
transdominant bioactive agent 

By -altered phenotype' or "changed physiology" or other grammatical equivalents 
herein is meant that the phenotype of the cell is altered in some way. preferably in 
some detectable and/or measurable wav. As will he anpre«3f»- -r- - - 
Of the present invention is the wide variety of cell types and potential phenotypic 
Changes Which may be tested using the present methods. Accordingly any 
Phenotypic change which may be observed, detected, or measured may be the basis 
Of the screening methods herein. Suitable phenotypic changes include, but are not 

v«b.l,ty. adhesion to substrates or other r .|,s. and cellular density: changes in the 
exp,BssK,n Of one or more RNAs. proteins, lipids, homines, cytokines, or other 
molecules: changes in the equiBbrium state (i.e. half-life) or one or more RNAs 
prote,ns. lipids, hormones. cytoKines. or other molecules; changes in the localira«on of 
one or more RNAs. proteins, lipids. hom,ones. cytokines, or other molecutes: changes 
<r the bioactMty or specific activity of one or ^re RNAs. proteins, lipids. hom,ones 
cytokines, receptors, or other molecules: changes in the secretion of ions, cytokines' 
hom»nes. growth factors, or other molecules: alterations in cellular membrane ' 
potentate, polarization, integrity or transport; changes in infectivity. susceptability 
latency, adhesion, and uptake of viruses and bacterial pathogens; etc By "capable of 
altenng the phenotype" herein is meant that the bioactive agent can change the 
phenotype of the cell in some detectable and/or measurable way. 

The altered phenotype may be detected in a wide variety of ways, as is described 
n»re fully betow. and will generally depend and correspond to the phenotype that is 
be.ng changed. Generally, the changed phenotype is detected using, for example- 
m^roscopic ana^rsis of cell morphology; standard cell viability assays, including both 
-ncreased cell death and increased cell viability, lor example, cells that are now 
resistanttocelldeath Via Virus, bacteria, or bact^, or ^nsh^tic tOKins; 8tod.rd 
labafng assays such as f,uo«,metric indicator assays for the presence or lave, of a 
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particular cell or molecule, including FACS or other dye staining techniques: 
biochemical detection of the expression of target compounds after killing the cells; etc. 
In some cases, as is more fully described herein, the altered phenotype is detected in 
the cell in which the randomized nucleic add was introduced; in other embodiments. 
5 the altered phenotype is detected in a second cell which is responding to some 
molecular signal from the first cell. 

An altered phenotype of a cell indicates the presence of a transdominant bioactive 
agent By "transdominanr herein is meant that the bioactive agent indirectly causes 
the altered phenotype by acting on a second molecule, which leads to an altered 
1 0 phenotype. That is, a transdominant expression product has an effect that is not in cis. 
i.e.. a trans event as defined in genetic terms or biochemical terms. A transdominant 
effect is a distinguishable effect by a molecular entity (i.e.. the encoded peptide or 
RNA) upon some separate and distinguishable target; that is. not an effect upon the 
encoded entity itself. As such, transdominant effects include many welKknown effects 
by phamiacologic agents upon target molecules or pathways in cells or physiologic 
systems: for instance, the Nactam antibiotics have a transdominant effect upon 
peptidoglycan synthesis in bacterial cells by binding to penk:illin binding proteins and 
disrupting their functions. An exemplary transdominant effect by a peptide is the ability 
to inhibit NF-kB signaling by binding to IkB-q at a region critical tor its function, such 
that in the presence of suffksient amounts of the peptide (or molecular entity), the 
signaling pathways that normally lead to the activation of NF-kB through 
phosphorylation and/or degradation of kB-a are inhibited from acting at IkB-q 
because of the binding of the peptide or molecular entity. In another instance, 
signaling pathways that are normally activated to secrete IgE are inhibited in the 
presence of peptide. Or, signaling pathways in adipose tissue cells, normally 
quiescent, are activated to metabolize fat Or. in the presence of a peptide, 
intracellular mechanisms for the replication of certain vinjses. such as HI V^, or Herpes 
virklae family members, or Respiratory Syncytia Virus, for example, are Inhibited. 

A transdominant effect upon a protein or nwlecular pathway is clearly distinguishable 
30 from randomization, change, or mutation of a sequence within a protein or molecule of 
known or unknown function to enhance or diminish a biochemical ability that protein or 

molecule already manifests. For instanoi, a protein that enzyrrtsitieElly ^oavQs 
^-lactam antibiotics, a ^ctamase. could be enhanced or diminished in its activity by 
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mutating sequences internal to Its structure that enhance or diminish the ability of this 
enzyme to act upon and cleave P-lactam antibiotics. This would be called a cis 
mutation to the p^rtein. The effect of this protein upon lactam antibiotics is an 
actn^rty the protein almady manifests, to a distinguishable degree. Similariy. a mutation 
.n the leader sequence that enhanced the expon of this protein to the extracellular 
spaces Wherein it might encounter p-lactam molecules more readily, or a mutation 
w,th.n the sequence that enhance the stability of the protein, would be temied cis 
mutations in the protein. For comparison, a transdominant effector of this protein 
would include an agent, independent of the Nactamase. that bound to the 3- 
tectamase in such a way that enhanced or diminis.hed the n^nction of the p-iactamase 
by vtrtue of its binding to lactamase. 

in general, cis^ffects are effects within molecules wherein elements that are 
"iteracting are covalently joined to each other although these elements might 
indiv^ualhr manifest themselves as separabte domains. Trans^ffects (transdominant 
m *,at under some c liular conditions the desired effect is manifested) are those 

effec^ between d«.nct molecular entities, such that molecular entrty A. no^ 

ed to mt^ecular enfty B. binds to or othe,w«e has an effect upon the activities of 
endty B. As such, most known phamnacological agents are transdominant effectors. 

in a preferred embodiment onoe a cell with an altered phenotype is detected, the ceU 
.s .solated from the plurality whk:h do not have a«ered phenotypes. This may be done 
-n any number of ways, as is known in the art and will in some instances depend on 
assay or screen. Suitable isolation techn«,ues include, but are not limited to. FACS 

a survival p,ote.n. induced expression of a cel. surfece protein or other molecule that 
can be rendered fluorescent or taggable for Physical isolation; expression of an 
enzyme that changes a non-fluorBscent molecule to a fluoroscent one; overgrowth 
agarnstabacRgmundofnoors^^ 

cell vitality indicator dyes, etc. 
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defined above, are used to "rescue" the unique random sequence. Alternatively, the 
bioactive agent is isolated using a rescue sequence. Thus» for example, rescue 
sequences comprising epitope tags or purification sequences may be used to pull out 
the bioactive agent, using immunoprecipitation or affinity columns. In some instances. 
5 as is outlined below, this may also pull out the primary target molecule, if there is a 
sufficiently strong binding interaction between the bioactive agent and the target 
molecule. Altematively, the peptide may be detected using mass spectroscopy. 

Once rescued, tiie sequence of the bioactive agent and/or bioactive nucleic acid is 
determined. This information can then be used in a number of ways. 

.0 In a preferred embodiment, the bioactive agent is resynthesized and reintroduced into 

the target cells, to verify the effect This may be done using retrovimses. o^ 
altematively using fusions to the HlV-1 Tat protein, and analogs and related proteins, 
which allows very high uptake into target cells. See for example. Fawell et al.. PNAS 
USA 91:664 (1994); Frankel et al., Cell 55:1189 (1988); Savion et al.. J. Biol. Chem. 

L5 256:1149 (1981); Derossi et al.. J. Biol. Chem. 269:10444 (1994); and Baldin et al., 

EMBO J. 9:1511 (1990). all of which are incorporated by reference. 

In a prefen-ed embodiment, the sequence of a bioactive agent is used to generate 
more candidate bioactive agents. For example, the sequence of the bkjactive agent 
may be the basis of a second round of (biased) randomization, to develop bk)active 

2 0 agents witti increased or altered activities. Altematively, the second round of 

randomization may change the affinity of the bioactive agent. Furthermore, it may be 
desirable to put the Identified random region of the bioactive agent into otiier 
presentation stiwtures, or to alter the sequence of the constant region of the 
presentation structure, to alter ti>e conformation/shape of the bioactive agent. It may 
25 also be desirable to "walk" around a potential binding site, in a manner similar to the 

mutagenesis of a binding pocket, by keeping one end of the ligand region constant and 
randomizing the other end to shift the binding of the peptide around. 

In a prefen-ed embodiment, either the bioactive agent or the bioactive nucleic ackl 
encoding it is used to identify target molecules, i.e. the molecules with which the 

3 0 bioactive agent interacts. As will be appreciated by those in the art, there may be 

primary target mot^utas, to t^hich the btoactiv© agent binds or acts upon directiy. and 
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there may be secondary target molecules, which are part of the signalling pathway 
affected by the bioactive agent; these might be termed -validated targets". 

In a preferred embodiment, the bioactive agent is used to pull out target molecules 
For example, as outlined herein, if the target molecules are proteins, the use of epitope 
tags or purification sequences can allow the purification of primary target molecules via 

biochemical means (co-immunoprecipitation. affinity columns, etc.). Alternatively the 
peptide, When expressed in bacteria and purified, can be used as a probe againsi a 
bacterial cDNA expression library made from mRNA of the target cell type. Or 
peptides can be used as 'bair in either yeast or mammalian two or three hybrid 
systems. Such interaction cloning approaches have been very useful to isolate DNA- 
binding proteins and other interacting protein components. The peptide(s) can be 
combined with other phamiacologic activators to study the epistatic relationships of 
signal transduction pathways in question. It is also possible to synthetically prepare 
labeled peptide bioactive agent and use it to screen a cDNA library expressed in 
bactp -iophage for those cDNAs which bind the peptide. Furthemiore. it is also 
pos. Jble that one could use cDNA cloning via retroviral libraries to "complement- the 
effect induced by the peptide. In such a strategy, the peptide would be required to be 
stochiometrically titrating away some important factor for a specific signaling pathway 
If this molecule or activity is replenished by over^pression of a cDNA from within a 
CDMA library, then one can clone the target. Similarty. cDNAs cloned by any of the 
above yeast or bacteriophage systems can be reintroduced to mammalian cells in this 
manner to confim, that they act to complement function in the system the peptide acts 
upon. 
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Once pnmary target molecules have been identified, secondary target molecules may 
be Identified in the same manner, using the primary target as the "bait" In this 
manner, signalling pathways may be elucidated. Simiterty. bioactive agents specific for 
secondary target molecules may also be discovered, to allow a number of bioactive 
agents to act on a single pathway, for example for combination therapies. 

The screening methods of the present imrention may be useful to screen a large 
number of cell types under a wide variety of conditions. Generally, the host cells are 
cells that are involved in disease states, and they are tested or screened under 
conditions that normally result in undesirable consequences cn the cells. When a 



suitable bioactive agent is found, the undesirable effect may be reduced or eliminated. 
Alternatively, nomially desirable consequences may be reduced or eliminated, with an 
eye towards elucidating the cellular mechanisms associated with the disease state or 
signatttng pathway. 

In a preferred embodinf>ent the present methods are useful in cancer applications. 
The ability to rapidly and specifically kill tumor cells is a cornerstone of cancer 
chemotherapy. In general, using the methods of the present invention, random 
libraries can be introduced into any tumor cell (primary or cultured), and peptides 
identified which by themselves induce apoptosis, cell death, loss of cell division or 
decreased cell growth. This may be done de novo, or by biased randomization toward 
known peptide agents, such as angiostatin. which inhibits blood vessel wall growth. 
Alternatively, the methods of the present invention can be combined with other cancer 
therapeutics (e.g. drugs or radiation) to sensitize the cells and thus induce rapid and 
specific apoptosis, cell death, loss of cell division or decreased cell growth after 
exposure to a secondary agent. Slmilarty, the present nwthods may be jsed in 
conjunction with known cancer therapeutics to screen for agonists to i.iake the 
therapeutic more effective or less toxic. This is particularly preferred when the 
chemotherapeutic is very expensive to produce such as taxol. 

Known oncogenes such as v-AbI, v-Src, v-Ras. and others, induce a transformed 
phenotype leading to abnomnal cell growth when transfected into certain cells. This is 
also a major problem with micro-metastases. Thus, in a preferred embodiment, non- 
transformed cells can be transfected with these oncogenes, and then random libraries 
introduced into these cells, to select for bioactive agents which reverse or correct the 
transformed state. One of the signal features of oncogene transformation of cells is 
the loss of contact inhibition and the ability to grow in soft-agar. When transforming 
vimses are constructed containing v-Abl. v-Src, or v-Ras in IRES-puro retroviral 
vectors, infected into target 3T3 cells, and subjected to puromydn selection, all of the 
3T3 cells hyper-transform and detach from the plate. The cells may be renrK>ved by 
washing with fresh medium. This can serve as the basis of a screen, since cells which 
express a bioactive agent will remain attached to the plate and form colonies. 

Similarly, the growth and/or spread of certain tumor types is enhanced by stimulatory 
responses from growth factors and cytokines {PDGF, EGF. Heregulin. and others) 
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Which bind to receptors on the surfaces of specific tumors, in a preferred emtwdiment 
the methods of the invention are used to inhibit or stop tumor growth and/or spread, by 
finding bioactive agents capable of blocking the ability of the growth factor or cytokine 
to stimulate the tumor cell. The introduction of random libraries into specific tumor 
cells with the addition of the growth factor or cytokine, fbltowed by selection of 
btoactive agents which btock the binding, signaling, phenotypic and/or functional 
responses of these tumor cells to the growth factor or cytokine in question. 

Similarly, the spread of cancer cells (invasion and metastasis) is a significant problem 
limiting the success of cancer therapies. The ability to inhibit the invaskm and/or 
migration of specific tumor cells would be a significant advance in the therapy of 
eaneer. Tumor ceils known to have a high metastatic potential (tor example, 
melanoma, lung cell carcinoma, breast and ovarian carcinoma) can have random 
libraries introduced into them, and peptides selected which in a migration or invasion 
assay, inhibit the migratton and/or invasion of specific tumor cells. Partkailar 
applkattons for inhibition of the metastatic phenotype. which could altow a more 
specific inhibition of metastasis, include the metastasis suppressor gene NM23. which 
codes for a dinucleoside diphosphate kinase. Thus intracellular peptide activators of 
this gene could bkx:k metastasis, and a screen for its upregulation (by fusing it to a 
reporter gene) would be of interest. Many oncogenes also enhance metastasis. 
Peptides whfch inactivate or counteract mutated RAS oncogenes, v4flOS. v-RAF. 
A-RAF. v-SRC. v-FES. and v^MS would also act as anti-metastatics. Peptides which 
act intracellularly to block the release of combinations of proteases required for 
invaston. such as the matrix metalloproteases and urokinase. couM also be effective 
antimetastatics. 
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in a preferred embodiment, the random libraries of the present invention are introduced 
into tumor cells known to have inactivated tumor suppressor genes, and successful 
reversal by either reactivation or compensatton of the knockout would be screened by 
restoratwn of the normal phenotype. A major example is the reversal of 
P53.inactivattng mutattons. which are present in 50% or more of all cancers. Since 
P53's acttons are complex and involve its action as a transcription factor, there are 
probably numerous potential ways a peptkle or small molecule derived from a peptkJe 
could reverse the mutation. One example would be upregulation of the immediately 
downstream cyclin-dependent kinase p21CIP1/WAF1. To be useful such reversal 
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would have to work for many of the different known p53 mutations. This is currently 
be'mg approached by gene therapy; one or more small nrolecules which do this might 
be preferable. 

Another example involves screening of bioactive agents which restore the constitutive 
function of the brca-1 or brca-2 genes, and other tumor suppressor genes important in 
breast cancer such as the adenomatous polyposis coli gene (APC) and the Drosophila 
discs-large gene (Dig), which are components of celk:ell junctions. Mutations of brca-1 
are important In hereditary ovarian and breast cancers, and constitute an additional 
application of the present invention. 

In a preferred embodiment the methods of the present invention are used to create 
novel cell lines from cancers from patients. A retrovirally delivered short peptide which 
inhibits the final comnrwn pathway of programmed cell death should allow for short- 
and possibly long-term cell lines to be established. Conditions of in vitro culture and 
infectran of human leukemia cells will be established, f here Is a real need for methods 
which allow the maintenance of certain tumor cells in culture long enough to allow for 
phystological and pharmacokjgical studies. Currently, some human celt lines have 
been established by the use of transforming agents such as Ebstein-Banr virus that 
considerably alters the existing physiotogy of the cell. On occasion, cells will grow on 
their own In culture but this is a random event. Programmed cell death (apoptosis) 
occurs via complex signaling pathways within cells that ultinnately activate a final 
common pathway producing characteristk; changes in the cell leading to a non- 
inflammatory destruction of the cell. It is well known that tumor cells have a high 
apoptotic index, or propensity to enter apoptosis in vivo. When cells are placed in 
culture, the in vivo stimuli for malignant celt growth are removed and cells readily 
undergo apoptosis. The objective would be to develop the technotogy to establish 
cell lines from any number of printary tumor celts, for example primary human 
leukemia cells, in a reproducible manner without altering the native configuration of the 
signaling pathways in these cells. By introducing nucleic acids encoding peptides 
whteh Inhibit apoptosis, increased cell survival in vitro, and hence the opportunity to 
study signalling transduction pathways in primary human tunrwr cells, is accomplished. 
In addition, these nrrethods may be used for culturing primary cells, i.e. non-tumor cells. 
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In a preferred embodiment, the present methods are useful in cardiovascular 
applications. In a preferred emtwdiment, cardiomyocytes may be screened for the 
prevention of cell damage or death in the presence of normally injurious conditions, 
including, but not limited to. the presence of toxic drugs (particularly chemotherapeutic 
drugs), for example, to prevent heart failure foliowrng treatment with adriamycin; 
anoxia, for example in the setting of coronary artery occlusion; and autoimmune 
cellular damage by attack from activated lymphoid cells (for example as seen in post 
viral myocarditis and lupus). Candidate bloactive agents are inserted into 
cardiomyocytes, the cells are subjected to the insult and bioactive agents are selected 
that prevent any or all of: apoptosis; membrane depolarization (i.e. decrease 
arrythmogenic potential of insult); cell swelling; or leakage of specific intracellular ions, 
second nr>essengers and activating molecules (for example, arachidonic acid and/or 
lysophosphatidic acid). 

In a preferred embodiment the present methods are used to screen for diminished 
arrhythmia potential in cardmmyocytes. The screens comprise the introduction of the 
candidate nucleic ackls encoding candidate bioactive agents, followed by the 
applicaton of arrythmogenk: insults, with screening for bioactive agents that block 
specific depolarization of cell membrane. This may be detected using patch clamps, or 
via fluorescence techniques). Similariy. channel activity (for example, potassium and 
chtoride channels) in cardiomyocytes could be regulated using the present methods in 
order to enhance contractility and prevent or diminish arrhythmias. 

In a preferred embodiment, the present methods are used to screen for enhanced 
contractile properties of cardionrryocytes and dinrunish heart failure potential. The 
introductwn of the libraries of the invention followed by measuring the rate of change of 
myosin polynr>erization/depolymerization using fluorescent techniques can be done. 
BkMctive agents which increase the rate of change of this phenomenon can result in a 
greater contractile response of the entire myocardium, similar to the effect seen with 
digitalis. 



In a preferred embodiment the present nriethods are useful to identify agents that will 
regulate the intracellular and sarcolemmal cateium cycUng in cardiomyocytes in order 
to prevent arrhythmias. Bioactive agents are selected that regulate sodiunvcalctum 
exchange, sodium proton pump function, and regulation of caldurri-ATPase activity. 
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In a preferred embodiment, the present methods are useful to identify agents that 
diminish emtwiic phenonDena in arteries and arterioles leading to strokes (and other 
occlusive events leading to kidney failure and limb ischemia) and angina precipitating a 
myocardial infarct are selected. For example, bioactive agents which vi^tll diminish the 
5 adhesion of platelets and leukocytes, and thus diminish the occlusion events. 

Adhesion in this setting can be inhibited by the libraries of the invention being inserted 
into endothelial cells (quiescent cells, or activated by cytokines, i.e. IL-1. and growth 
factors, i.e. PDGF / EGF) and then screening for peptides that either 1) downregulate 
adhesion nwlecule expression on the surface of the endothelial cells (binding assay); 
10 2) block adhesion molecule activation on the surface of these cells (signaling assay); 
or 3) release in an autocrine manner peptides that bk>ck receptor binding to the 
cognate receptor on the adhering cell. 

Embolic phenomena can also be addressed by activating proteolytic enzymes on the 
cell surfaces of endothelial cells, and thus releasing active enzyme which can digest 
15 blood ctots. Thus, delivery of the lib- iries of the invention to endothelial cells is done, 
followed by standard fluorogenic assays, which will allow monitoring of proteolytk: 
activity on the cell surface towards a known substrate. Bioactive agents can then be 
selected vyrhich activate specifk; enzymes towards specific substrates. 

In a preferred embodiment arterial inflammation in the setting of vasculitis and 

2 0 post-infarction can be regulated by decreasing the chemotactic responses of 

leukocytes and mononuclear leukocytes. This can be accomplished by blocking 
chemotactic receptors and their responding pathways on these cells. Candidate 
bioactive libraries can be inserted into these cells, and the chemotactic response to 
diverse chemokines (for example, to the IL-8 family of chemokines. RANTES) inhibited 
25 in cell migration assays. 

In a preferred embodinr>ent. arterial restenosis foltowing coronary angioplasty can be 
controlled by regulating the proliferation of vascular intimal cells and capillary and/or 
arterial endothelial cells. Candidate bioactive agent libraries can be inserted into these 
cell types and their proliferation in response to specific stimuli monitored. One 

3 0 application may be intracellular peptkjes which block the expression or function of 

c-myc and other oncogenes in snwoth muscle cells to stop their proliferatfon. A 
second application may Involve the expression of libraries in vascular smooth musde 
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oells to selectively induce their apoptosis. Application of small molecules derived from 
these peptides may require targeted drug delivery: this is available with stents, 
hydrogel coatings, and infusion-based catheter systems. Peptides which downregulate 
endothelin-lA receptors or which block the release of the potent vasoconstrictor and 
vascular smooth muscle cell mitogen endothelin-1 may also be candidates for 
therapeutics. Peptides can be isolated from these libraries which inhibit growth of these 
cells, or which prevent the adhesion of other cells in the cireulation known to release 
autocrine growth factors, such as platelets (PDGF) and mononuclear leukocytes. 

The control of capillary and blood vessel growth is an important goat in order to 
promote Increased blood flow to ischemk: areas (growth), or to cut-off the blood supply 
{angiogenesis inhibition) of tumors. Candklate bioactive agent libraries can be inserted 
into capillary endothelial cells and their growth monitored. Stimuli such as tow oxygen 
tensionand varying degreesofangtogenicfactorscan regulate the responses and 
peptides isolated that produce the appropriate phenotype. Screening for antagonism of 
vascular endothelial cell growth factor, important in angiogenesis. would also be useful. 

in a preferred embodiment the present methods are useful In screening for decreases 
in atherosclerosis producing mechanisms to find peptides that regulate LDL and HDL 
metabolism. Candidate libraries can be inserted into the appropriate ceils (Including 
hepatocytes. mononuclear leukocytes, endothelial cells) and peptides selected which 
lead to a decreased release of LDL or diminished synthesis of LDL. or conversely to an 
increased release of HDL or enhanced synthesis of HDL. Bioactive agents can also be 
isolated from candidate libraries which decrease the production of oxidized LDL which 
has been implicated in atherosclerosis and isolated from atherosclerotic lesfons This 
could occur by decreasing its expression, activating reducing systems or enzymes or 
blocking the activity or production of enzymes implicated in production of oxklized LDL 
such as 1 &^ipoxygenase in macrophages. 

in a preferred embodiment, the present methods are used in screens to regulate 
Obesity via the control of food intake mechanisms or diminishing the responses of 
receptor signaling pathways that regulate metabolism. Bioactive agents that regulate or 
.nhibrt the responses of neuropeptide Y (NPY). cholecystokinin and galanin receptors 
are partcubriy desirable. Candidate libraries can be inserted into cells that have these 
receptors ctoned into them, and inhibitory peptides selected that are secreted In an 
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autocrine manner that block the signaling responses to galanin and NPY. In a similar 
manner, peptides can be found that regulate the leptin receptor. 

In a preferred embodiment, the present methods are useful in neurobiology 
applications. Candidate libraries may be used for screening for anti-apoptotlcs for 
preservatbn of neuronal function and prevention of neuronal death. Initial screens 
would be done in cell culture. One application would include prevention of neuronal 
death, by apoptosis. in cerebral ischemia resulting from stroke. Apoptosis is known to 
be blocked by neuronal apoptosis inhibitory protein (NAIP); screens for its 
upregulation, or effecting any coupled step could yield peptkJes which selectively block 
neuronal apoptosis. Other applications include neurodegenerative diseases such as 
Alzheimer's disease and Huntington's disease. 

In a prefen-ed embodiment, the present methods are useful in bone btology 
applications. Osteoclasts are known to play a key role in bone remodeling by 
breaking down "o» j ^bone. so that osteoblasts can lay down "new* bone. In 
osteoporosis one has an imbalance of this process. Osteoclast overactivity can be 
regulated by inserting candidate libraries into these cells, and then looking for 
bwactive agents that produce: 1) a diminished processing of collagen by these cells; 2) 
decreased pit formation on bone chips; and 3) decreased release of calcium from bone 
fragments. 



The present methods may also be used to screen for agonists of bone morphogenic 
proteins, homnone mimetics to stimulate, regulate, or enhance new bone formation (in 
a manner similar to parathyroid honnone and cateitonin, for example). These have use 
in osteoporosis, for poorly healing fractures, and to accelerate the rate of healing of 
new fractures. Furthennore, cell lines of connective tissue origin can be treated with 
candidate libraries and screened for their growth, proliferation, collagen stimulating 
activity, and/or proline incorporating ability on the target osteoblasts. Alternatively, 
candidate Ubraries can be expressed directly in osteoblasts or chondrocytes and 
screened for increased production of collagen or bone. 



30 



In a preferred embodiment, the present methods are useful in skin biotogy applrcatfons. 
Keratinocyte responses to a variety of stimuli may result in psoriasis, a proiiferative 
change in these cells. Candidate libraries can be inserted into cells rerjK)v^ from 
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active psoriatic plaques, and bioactlve agents isolated whicti decrease ttie rate of 
growth of these cells. 

In a preferred embodiment, the present methods are useful in the regulation or 
inhibition of Iceloid fomiation (i.e. excessive scarring). Candidate libraries inserted into 
Skin connective tissue cells isolated from individuals with this condition, and bioactive 
agents isolated that decrease proliferation, collagen formation, or proline incorporation 
Results from this work can be extended to treat the excessive scarring that also occurs 
in bum patients. If a common peptide motif is found in the context of the kek)id work 
then it can be used widely in a topical manner to diminish scarring post bum. 

Simllariy. wound healing for diabetic ulcers and other chronic failure to hear 
condittons in the skin and extremities can be regulated by providing additional growth 
s.gnals to cells which populate the skin and dennal layers. Growth factor mimetics 
may in fact be very useful for this condition. Candidate libraries can be inserted into 
ston connective tissue cells, and bioactive agents isolated which promote the grov th of 
these cells under "harsh" conditions, such as low oxygen tension, lowpH. andt:.^. 
presence of inflammatory mediators. 

Cosmeceutical applications of the present Invention include the control of melanin 
production in skin melanocytes. A naturally occurring peptide, arbufin. is a tyrosine 
hydroxylase inhibitor, a key enzyme in the synthesis of melanin. Candidate libraries 
can be inserted into melanocytes and known stimuli that increase the synthesis of 
melanin applied to the cells. Bioactive agents can be isolated that inhibit the synthesis 
of melanin under these conditions. 

In a preferred embodiment the present methods are useful in endocrinology 
applications. The retroviral peptide library technotogy can be applied broadly to any 
endocnne. growth factor, cytokine or chemokine networt. whfch involves a signaling 
peptide or protein that acte in either an endocrine, paracrine or autocrine manner that 
bmds or drmerizes a receptor and activates a s«naling cascade that rosults in a known 
Phenotypic or functional outcome. The methods are applied so as to isolate a peptide 
Which either mimics the desired hormone (l.e.. insulin, leptin. calcitonin. PDGF. EGF 
EPO. GMCSF, IL1-17. mimelfcs) or inhibits its action by either bkxking the release of 
the homwne, blocking its binding to a specific receptor or carrier protein (for example 
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CRF binding protein), or inhibiting the intracellular responses of the specific target 
cells to that hormone. Selection of peptides which Increase the expression or release 
of hormones from the cells which normally produce them could have broad 
applications to conditions of hormonal deficiency. 

5 In a preferred embodiment, the present methods are useful in infectious disease 

applications. Viral latency (herpes viruses such as CMV. EBV, HBV. and other viruses 
such as HIV) and their reactivation are a significant problem, particulariy in 
immunosuppressed patients ( patients with AIDS and transplant patients). The ability 
to block the reactivation and spread of these viruses is an important goal. Cell lines 

1 0 known to harbor or be susceptible to latent viral infection can be infected with the 

specifk: virus, and then stimuli applied to these cells which have been shown to lead to 
reactivation and viral replication. This can be fbltewed by measuring viral liters in the 
medium and scoring cells for phenotypic changes. Candidate libraries can then be 
inserted into these cells under the above conditions, and peptides isolated which block 

15 or t*iminish the growth and/or release of the vinis. As with chemotherapeutics, these 
experiments can also be done with drugs whrch are only partially effective towards this 
outcome, and bioactive agents isolated which enhance the virucidal effect of these 
drugs. 

One example of many is the ability to block HIV-1 infection. HIV-1 requires CD4 and a 

2 0 co-receptor which can be one of several seven transmembrane G-protein coupled 

receptors. In the case of the infection of macrophages, CCR-5 is the required co- 
receptor, and there is strong evklence that a block on CCR-5 will result in resistance to 
HIV-1 infection. There are two lines of evidence for this statement. First, it is known 
that the natural ligands for CCR-5, the CC chemokines RANTES, MlPla and MlPlb 
25 are responsible for CD8+ mediated resistance to HIV. Second, indivkjuals 

homozygous for a mutant allele of CCR-5 are completely resistant to HIV infectkm. 
Thus, an inhibitor of the CCR-5/HIV interaction wouW be of enormous interest to both 
btologists and clinicians. The extracellular anchored constructs offer superb tools for 
such a discovery. Into the transmembrane, epitope tagged, glycine-serine tethered 

3 0 constructs (ssTM V G20 E TM). one can place a random, cyclized peptide library of 

the general sequence CNNNNNNNNNNC or C-(X)„.C. Then one Infects a cell line that 
expresses CCR-5 with retroviruses containing this library. Using an antibody to CCR-5 
one can use FACS to sort desired cells ^sed on the binding of this antibody to Sh© 
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receptor. All cells which do not bind the antibody will be assumed contain inhibitors of 
this antibody binding site. These inhibitors, in the retroviral construct can be farther 
assayed for their ability to inhibit HIV-1 entry. 

Vinises are known to enter cells using specific receptors to bind to cells (for example. 
HIV uses CD4. coronavirus uses CD13. murine leukemia vims uses transport protein 
and measles vims usesCD44) and to fuse with cells (HIV uses chemokine receptor). " 
Candidate libraries can be inserted into target cells known to be permissive to these 
vimses, and bwactive agents isolated which block the ability of these vimses to bind 
and fuse with specifk: target cells. 

in a preferred embodiment, the present invention finds use with infectious organisms 
Intracellular organisms such as mycobacteria, listeria, salmonella, Pneumocystis, 
yersinia, leishmania, T. cmzi. can persist and replicate within cells, and become active 
in immunosuppressed patients. There are cunentiy dmgs on the market and in 
development which are either only partially effective or ineffective against these 
organisms. Candidate libraries can be inserted into specific ce..^ infected with these 
organisms (pre- or post-infection), and bioaetive agents selected whtah promote the 
intracellular destmction of these organisms in a manner analogous to intracellular 
-antibiotic peptides- similar to magainins. In addition peptides can be selected whch 
enhance the ddal properties of dmgs already under investigation which have 
insufficient potency by themselves, but when combined with a specific peptide from a 
candidate library, are dramatkally more potent through a synergistic mechanism. 
Finally, bioaetive agents can be isolated which alter the metabolism of these 
intracellular organisms, in such a way as to terminate their intracellular life cycle by 
inhibiting a key organismal event 

AnBbtotic dmgs that are widely used have certain dose dependent, tissue specific 
toxicities. For exampte renal toxicity is seen with the use of gentamfcin. tobramycin 
and amphotericin; hepatotoxicily is seen with the use of INH and rifampin; bone 
marrow toxicity is seen wtth chloramphenicol: and platelet toxicity is seen with 
ticaroillin. ete. These toxicities limit their use. CandMate libraries can be introduced 
into the specific cell types where specific changes leading to cellular damage or 
apoptosis by the antibtotics are produced, and bioaetive agents can be isolated that 
confer protection, when these cells are treated with these specific antibiotics. 



wo 97/27212 



-46- 



PCT/US97y01019 



Furthermore, the present invention finds use in screening for bioactive agents that 
block antibiotic transport mechanisms. The rapid secretion from the blood stream of 
certain antibiotics limits their usefulness. For example penicillins are rapidly secreted 
by certain transport mechanisms in the kidney and choroid plexus in the brain. 
Probenecid is known to block this transport and increase serum and tissue levels. 
Candidate agents can be inserted into specific cells derived from kkJney cells and cells 
of the choroid plexus known to have active transport mechanisms for antibiotfcs. 
Bk>active agents can then be isolated which block the active transport of specific 
antibiotics and thus extend the serum halflife of these drugs. 

In a prefen-ed embodinr>ent. the present methods are useful in drug toxicities and drug 
resistance applications. Drug toxicity is a significant clinical problem. This may 
manifest itself as specific tissue or cell damage with the result that the drug's 
effectiveness is limited. Examples include myeloabiation in high dose cancer 
chemotherapy, damage to epithelial cells lining the ainway and gut, and hair loss. 
Specific examples include adriamycin induced cardiomyocyte death, 
cisplatinin-induced kidney toxicity, vincrtsbne-induced gut motility disorders, and 
cyclosporin-induced kidney damage. Candidate libraries can be introduced into 
specifk: cell types with characteristic drug-induced phenotypic or functional responses, 
in the presence of the drugs, and agents isolated whrch reverse or protect the specific 
cell type against the toxic changes when exposed to the drug. These effects may 
manifest as blocking the drug induced apoptosis of the cell of interest, thus initial 
screens will be for survival of the cells in the presence of high levels of drugs or 
combinations of drugs used in combination chemotherapy. 

Drug toxicity may be due to a specific nr)etabolite produced in the liver or kidney which 
is highly toxic to specific cells, or due to drug interactions in the liver which block or 
enhance the metabolism of an administered drug. Candklate libraries can be 
introduced into liver or kidney cells fdtowing the exposure of these cells to the drug 
known to produce the toxk: metabolite. Bbactive agents can be isolated whk:h alter 
how the liver or kkiney cells nr>etabolize the drug, and specific agents Wentified which 
prevent the generation of a specific toxic metabolite. The generatwn of the metabolite 
can be followed by mass spectronr>etry. and phenotypic changes can be assessed by 
microscopy. Such a screen can also be done in cultured hepatocytes, cocultured with 
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readout cells which are specifically sensitive to the toxic metabolite. Applications 
include reversible (to limit toxicity) inhibitors of enzymes involved in drug metabolism. 

Multiple drug resistance, and hence tumor cell selection, outgrowth, and relapse, leads 
to morbidity and mortality in cancer patients. Candidate libraries can be introduced 
into tumor cell lines (primary and cultured) that have demonstrated specific or multiple 
drug resistance. Bioactive agents can then be identified which confer drug sensitivity 
When the cells are exposed to the drug of interest or to drugs used in combination 
Chemotherapy. The readout can be the onset of apoptosis In these cells, membrane 
permeability changes, the release of intracellular ions and fluorescent markers. The 
cells in which multidrug resistance involves membrane transporters can be preloaded 
With fluorescent transporter substrates, and selection carried out for peptides which 
block the nomial efflux of fluorescent drug from these cells. Candidate libraries are 
particularly suited to screening for peptides which reverse pooriy characterized or 
recently discovered intracellular mechanisms of resistance or mechanisms for which 
few or no chemosensitizers currently exist, such .3S mechanisms involving LRP (lung 
resistance protein). This protein has been impL^ted in multidrug resistance in ovarian 
carcinoma, metastatic malignant melanoma, and acute myetoid leukemia. Particularly 
interesting examples include screening for agents which reverse more than one 
important resistance mechanism in a single ceH. which occurs in a subset of the most 
dmg resistant cells, which are also important targets. Applkations wouW include 
screening for peptide inhibitors of both MRP (multidrug resistance related protein) and 
LRP for treatment of resistant cells in metastatic melanoma, for inhibitors of both 
P^lycoprotein and LRP in acute myeloid leukemia, and for inhibition (by any 
mechanism) of all three proteins for treating pan-resistant cells. 

In a prefened embodiment the present methods are useful in improving the 
perfbnnance of existing or devetopmental drugs. Rrst pass metabolism of orally 
admmtered drugs limits their oral bioavailability, and can result in diminished efficacy 
as well as the need to administer more dmg for a desired effect. Reversible inhibitors 
of enzymes invohred in first pass metabolism may thus be a useful adjunct enhancing 
the efficacy of these drugs. First pass metabolism occurs in the Hver. thus inhibitors of 
the corresponding catabole enzymes may enhance the effect of the cognate dmgs 
Reversible inhibitors would be delivered at the same time as. or slighUy before the 
dmg of interest Screening of candidate libraries in hepatocytes for inhibitors (by any 
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mechanism, such as protein downregulation as well as a direct inhibition of activity) of 
particularty probleniatical isozymes would be of interest. These include the CYP3A4 
isozynnes of cytochronie P450, which are involved in the first pass metabolism of the 
anthHIV drugs saquinavir and indinavir. Other applications could include reversible 
inhibitors of UDP-glucuronyltransferases, sulfotransferases, N-acetyltransferases. 
epoxide hydrolases, and glutathione S-transferases, depending on the drug. Screens 
would be done in cultured hepatocytes or liver microsomes, and could involve 
antibodies recognizing the specific modification perfonmed in the liver, or cocultured 
readout cells, if the metabolite had a different bioactivity than the untransformed drug. 
The enzymes modifying the drug would not necessarily have to be known, if screening 
was for lack of alteration of the drug. 

In a preferred embodiment the present nnethods are useful in immunobk>Iogy, 
inflammation, and allergic response applications. Selective regulation of T lymphocyte 
responses is a desired goal in order to modulate immune-mediated diseases in a 
specific manner. Candidate libraries can be introduced into specific T cell subsets 
(TH1. TH2, CD4+. CD8+, and others) and the responses which characterize those 
subsets (cytokine generation, cytotoxicity, proliferation in response to antigen being 
presented by a mononuclear leukocyte, and others) nrK>dified by members of the 
library. Agents can be selected whteh increase or diminish the known T cell subset 
physiologic response. This approach will be useful in any number of conditions, 
including: 1) autoimmune diseases where one wants to induce a tolerant state (select 
a peptkJe that inhibits T cell subset from recognizing a self-antigen bearing cell); 2) 
allergic diseases where one wants to decrease the stimulation of IgE producing cells 
(select peptide which blocks release from T cell subsets of specific B-cell stimulating 
cytokines which induce switch to IgE productton); 3) in transplant patients where one 
wants to induce selective immunosuppression (select peptkle that diminishes 
prt>liferative responses of host T cells to foreign antigens): 4) in lymphoproliterative 
states where one wants to inhibit the growth or sensitize a specific T cell tumor to 
chemotherapy and/or radiatwn; 5) in tumor surveillance where one wants to inhibit the 
killing of cytotoxic T cells by Fas iigand bearing tumor cells; and 5) in T cell mediated 
inflanrtmatory diseases such as Rheumatokl arthritis. Connective tissue diseases 
(SLE). Multiple sclerosis, and inflammatory bowel disease, where one wants to inhibit 
the proliferation of disease-causing T cells (promote their selective apoptosis) and the 
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resulting selective destruction of target tissues (cartilage, connective tissue, 
oligodendrocytes, gut endothelial cells, respectively). 

Regulation of B cell responses will permit a more selective modulation of the type and 
amount of immunoglobulin made and secreted by specific B cell subsets. Candidate 
5 libraries can be inserted into B cells and bioactive agents selected which inhibit the 
release and synthesis of a specific immunoglobulin. This may be useful in 
autoimmune diseases characterized by the overproduction of auto antibodies and the 
production of allergy causing antibodies, such as IgE. Agents can also be identified 
which inhibit or enhance the binding of a specific immunoglobulin subclass to a 
1 0 specific antigen either foreign of self. Finally, agents can be selected which inhibit the 
binding of a specific immunoglobulin subclass to its receptor on specific cell types. 

Similarly, agents which affect cytokine production may be selected, generally using two 
cell systems. For example, cytokine production from macrophages, monocytes, etc. 
may be evaluated. Similariy. ? jents which mimic cytokines, for example erythropoetin 
15 and IL1-17, may be selected, or agents that bind cytokines such as TNF<j. before they 
bind their receptor. 
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Antigen processing by mononuclear leukocytes (ML) is an important earty step in the 
immune system's ability to recognize and eliminate foreign proteins. Candidate agents 
can be inserted into ML cell lines and agents selected which alter the intracellular 
processing of foreign peptides and sequence of the foreign peptide that is presented to 
T cells by MLs on their cell surface in the context of Class II MHC. One can took for 
members of the library that enhance immune responses of a partfcular T cell subset 
(for example, the peptide would in l^ct work as a vaccine), or look for a Iibra7 member 
that binds more tightly to MHC. thus displacing naturally occurring peptides, but 
nonetheless the agent would be less immunogenic (less stimulatory to a specific T cell 
done). This agent wouM in fact induce immune tolerance and/or diminish immune 
responses to foreign proteins. This approach could be used in transplantation, 
autoimmune diseases, and allergic diseases. 

The release of inflammatory mediators (cytokines, leukotrienes, prostaglandins, 
platelet activating factor, histamine, neuropeptides, and other peptide and lipid 
mediators) is a key element in maintaining and amplifying aberrant immune 
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responses. Candidate libraries can be inserted into MLs. niast celts, eosinophils, and 
other cells participating in a specific inflammatory response, and bioactive agents 
selected which inhibit the synthesis, release and binding to the cognate receptor of 
each of these types of mediators. 

5 In a preferred embodinrtent the present methods are useful in biotechnology 

applications. Candidate library expression in mammalian cells can also be considered 
for other pharmaceutical-related applications, such as modification of protein 
expression, protein folding, or protein secrebon. One such example would be in 
comnrercial production of protein pharmaceuticals in CHO or other cells. Candidate 

10 libraries resulting in bioactive agents which select for an increased cell growth rate 
(perhaps peptides mimicking growth factors or acting as agonists of growth factor 
signal transduction pathways), for pathogen resistance (see previous section), for lack 
of sialylation or glycosylation (by blocking glycotransferases or rerouting trafficking of 
the protein in the cell), for allowing growth on autoclaved media, or for growth in serum 

15 free nr>edia. would all increase productivity and decrease costs in the production of 
protein pharmaceuticals. 

Random peptides displayed on the sur^ce of circulating celts can be used as toots to 
identify organ, tissue, and cell specific peptkje targeting sequences. Any cell 
introduced into the bkxxlstream of an animal expressing a library targeted to the cell 
2 0 surface can be selected for specific organ and tissue targeting. The bioactive agent 
sequence identified can then be coupled to an antibody, enzyme, drug, imaging agent 
or substance for which organ targeting is desired. 

Other agents whteh may be selected using the present invention include: 1) agents 
which block the activity of transcription factors, using cell tines with reporter genes; 2) 

2 5 agents whtoh bkx:k the interaction of two known proteins in celts, using the absence of 

normal cellular functions, the mammalian two hybrid system or fluorescence 
resonance energy transfer mechanisms for detection; and 3) agents may be identified 
by tethering a random peptide to a protein binding region to allow interactions with 
nrwlecutes sterically close, i.e. within a signalling pathway, to localize the effects to a 

3 0 functtonat area of interest. 
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The folkMrtng examples serve to more fully describe the manner of using the above- 
described invention, as well as to set forth the best modes contemplated for carrying 
out various aspects ot the invention. It is understood that these examples in no way 
serve to limit the true scope of this inventton. but rather are presented for illustrative 
purposes. All references cited herein are incorporated by reference in their entirety. 
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Example 1 
Proof of concept experiments 

A number of systems were used to prove that the retroviral constructs outlined herein 
1 0 were able to result in a selectable phenotype. 

Bcl2 and CPP3? Pmtection from apnptffBj^ 

It is known th 5t BcE and the CPP32 peptide is able to inhibit apoptosis induced by 
tumor necr^ jis factor and cycloheximide. 

Apotag amr Tl iNFI fTnT mffdwtwi rti )TP.finorP.,^in nic. onH (^ ^.j ^^^ Prrhr in nnr 

^5 Mannheim kit catalog m79i 

3T3 cells transiently infected with either MFGLacZ. BCL2. or CPP322 plasmMs were 
grown to 50% confluence at the time of induction with hTNFa (50 ng/ml media) and 
cycloheximide (100 mg/ml media) for 6 hours. Cells were washed at 6 hours and 
harvested at 24 hours after induction. Cells were harvested by pooling all media from 

2 0 cells (in order to collect any apoptotic. fteating cells) with the washings and trypsinired 
cells. The cells were spun and washed with PBS containing 1% BSA. transferred to an 
eppendorf tube and the wash repeated once. 

Cells were fixed in 4% parafbm«Wehyde at room temperature for 30 minutes, washed 
in PBS/BSA. then resuspended in pemieabilisation buffer for 2 minutes on ice. After 
! 5 pemieabilisation. cells were washed twwe in PBS/BSA and incubated at 37'C for 1 
hour With labeling buffer containing fiuorescelnated dUTP. unlabeled nucleotide 
mixture and temiinal deoxynucleotidyl transferase (TdT). Cells were washed twk» 
With PBS/BSA. resuspended in PBSmSA and transferred to a FACS tube for analysis 
Samples were also visualized under the fluorescence microscope. The results showed 
that expresston of Bcl2 or the CPP32 peptide in 3T3 cells from an MSCV retroviral 
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promoter in vivo was able to inhibit apoptosis induced by tunrwr necrosis factor and 
cycloheximide. 

PrOPidium Iodide staining of fixed cells to assay for annnt o sis: fShftniY ^ flp^ 
gChimKe, Methods in Cell Bioloav. 46:77.87 1995^ 3T3 celts transiently infected with 
MFGLacZ, Bcl2, or CPP32 were plated and treated with TNF/CXH as described 
above, and harvested and washed as above. Cells were then resuspended in 70% 
ethanol in PBS at 4oC and kept at 4oC overnight When ready to FACS, ceils were 
stained with propidium iodide as fbliowvs. Cells were spun at 14,000 RPM for 10 
seconds and washed once with PBS/BSA. Cells were then resuspended in 60 ml 
staining solution (PBS with 50 nng/ml RNase A (DNase-free) with 10 mg/ml propidium 
rodide) and Incubated at 37X for at least 1 hour. Cells were then pelleted and 
resuspended in PBS/BSA solution containing 10 mg/ml propidium iodide and analyzed 
by FACS scanning.The results showed that expression of BCL2 or CPP32 peptide in 
3T3 cells was able to Inhibit apoptosis induced by tumor necrosis factor and 
cyclohexinrude as measure by PI staining of cells, extending our previous resu' s. 

Ethfdil^m Bfomide/Acridine Orange Stainino of BAF3 Ceils to Study CpII Morphotoyv 
BAF3 cells were infected with WZL IRES NEO retroviral vectors containing no insert 
(WIN) or DNA coding for LacZ (ZIN). Bcl2 (BIN), CPP32 peptide (CIN). or scrambled 
peptide control (PIN). Cells were selected in G418 after infection with above retroviral 
vectors and survivors were stimulated with 5 mg/ml FAS antibody. After stimulation, 
cells were stained with ethidium bromide and acridine orange (2 mg/ml each) and 
visualized under the fluorescence microscope using the ultraviolet filter. 250 cells 
were counted and the percent of cells which were apoplotic were calculated. Similar to 
results obtained in 3T3 cells stimulated with TNF/CXH, the CPP32 encoding vectors 
are able to inhibit FAS induced apoptosis. The peptide control also had an effect in 
this system approximately half of that seen with BCL2 or the CPP32 peptide. 

Enzymatic Assay of CPP3g arfh/Hy- cm-^o Accoy inf Clontech CPP32 Colorimetric 
Assay Kit (Cat. No. K2027-2): 3T3 cells were infected with the vectors described in 
Part I, section C, and selected in G418 media prior to assay. 6-well plates of 3T3 ceUs 
at near confluence were stimulated with TNF/CXH as described above and harvested 
at 30 min, 1 , 2 and 4 hours after stimulation as follows. Cells were trypsinized and 
collected as described above. After transfering to an eppendorf tube, cells wefB spun 



wo 97/27212 



-53- 



PCT/US97/01019 



10 



15 



20 



25 



30 



and resuspended in 50 ml chilled Cell Lysis Buffer. Cells were incubated for 10 
minutes on ice. ttien 50 ml of 2X Reaction Buffer containing DTT was added to each 
tube. 5 ml of the colorimetric conjugated substrate (DEVD-paranitroanilide, 50 mM 
final concentration) was added to each tube and incubated at 37'C for 30 minutes. 
Samples were transferred to a 96 well plate and read on a spectrophotometer at O.D. 
of 405. The results showed that celt extracts from WIN cells have increased CPP32 
enzyme activity at 2 hours as measured by cleavage of DEVD-pNA substrate to its 
oolorometrically detectable form pNA. By 4 hours, cells have begun to die and the 
activity is decreased. In cells containing BCL2 or the CPP32 peptide inhibitor, this rise 
inactivity is not seen, "n the case of BCL2, it should be due to inhibition of apoptosis 
upstream of the enzyme. With CPP32 inhibitor peptide, it should be due to direct 
inhibition of enjymatic activity. These in vitro results are consistent with the results 
seen in cell death assays described above. 

Localization studtes yyin g pkc Inhlfrit ^r 

Murine 10T1/2 Clone 8 cells were stimulated with PMA which is known to cause 
translocation of PKC from the cytoplasm to the nucleus. This translocation is thought 
to be mediated through binding to a protein at the site of action, tenned a RAC 
(receptor for activated protein kinase C) protein. Uninfected done 6 cells were 
compared to cells infected with pBabe puro retroviral constructs containing sequences 
coding for either Flu-epilope (MGGGYPYDVPDYAGSL2) tagged scrambled peptide 
control or inhibitor peptide (GKQiaKTIKGPP) which is identical to the C2 regk>n of all 
the PKC isozymes. We then assayed the cells by immunohistochemislry using an 
antibody specific for PKCa and visualized with a secondary antibody conjugated to 
horseradish peroxidase. 

This experiment was done at two different cell densities as follows: 

1. Ce«s were plated at 2.000 cells/cm2 onto 22 mm square polylysine coated 
coverslipsandaltowedtogrowfbr2days. On 3C0. cells were nearly cenfJuenL Cells 
were replated at a lower density and assayed with identical conditions on 3«7. 

2. PIMA was added at 1 0-5m to the media for 30 minutes at 370C, 

3. Cells were rinsed with SCB buffer (physiotogto buffer prewamied to 370C before 
use) and then placed Into 3.7% glutaraWehyde in SCB buffer for 20 minutes at 370c. 

4. Cells were then washed in SCB buffer then incubated with SCBT (SCB containing 
0.1% Triton X-100) for 10 minutes at room temperature. 
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S.Coverslips were removed from the 6-well plate and dip washed in 0. 1 % tween/PBS 
at room temperature and placed onto parafilm in a covered container. 
e.Coverslips were incubated with 1.5% goat blocking serum in PBS with agitation in a 
humidified environment at room temperature. 
5 7.So!utjons were aspirated off the coverslip and coverslips were then washed with 
PBS. Primary anti-PKCa antibody was placed onto coverslips and incubated for 30 
minutes at room temperature as above. A 1:500 dilution of anitbody was used in all 
experiments. 

S.Coverslips were then washed with PBS three tinges and then incubated for 30 
1 0 minutes at room temperature with biotin-conjugated second step antibody as provided 
in Santa Cruz ABC ImmunoStain Sytems kit Coverslips were then washed three 
times with PBS. 

9. Covei^lips were then incubated in avidin biotin enzyme reagent (as supplied with kit) 
for 30 minutes at room temperature, Coverslips were then washed for 1 0 minutes in 

1 5 PBS after being placed back into S^ell plates. 

10. Coverslips were rinsed with 0.5% Triton X-100/PBS for 30 ;seconds and incubated 
in DAB solution for 5 minutes. Reaction was stopped by aduidon of distilled water to 
well. 

1 1 . Coverslips were then dehydrated through alcohols and xylene and mounted onto 
20 slides with Penmount and visualised and photographed by light microscopy. 

The result showed that basically, control done 8 cells showed predominantly 
cytoplasmic and perinuclear staining, while PMA induced cells consistently showed 
transk>cation to the nucleus. Cells infected with constructs coding for the scrambled 
peptide showed simitar staining. Cells infected with constructs coding for peptkies 

25 klentical to the C2 region of PKC showed predominantly cytoplasmic and perinuclear 
staining in both control and PMA induced cells suggesting that this peptkie is able to 
specifically inhibit translocatxsn of activated PKCa to its RAC protein upon stimulation 
of the cells with PMA. It is also possible using similariy infected cells to see the 
downstream results of peptide expression upon gene actwity. Cells were infected with 

3 0 retroviruses expressing either the PKCb2. 1 , PKC2. 1 peptide, a dominant negative ras 
protein control, combinations of these viruses, or no virus at all. Cells were stimulated 
with PMA at 100 ng/ml. PDGF-AA, or PDGF-BB. mRNA was prepared and northem 
blots were performed for fbs gene expresston (induced by PKC activation) or the 
ribosomal protein PO. a toading control mRNA whose expression is not known to be 

3 5 acted upon by signaling systems induced by PKC. The PKC peptkJes can nertcedly 
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reduce expression of the fos gene mRNA. indeed, an unexpected result was that 
under certain conditions there is activation of the mRNA expression. This latter results 
confirms that novel outcomes can occur upon expression of peptides within cells. 

Example 2 

pBabe Puro Retroviral Libraries and Apoptosis 

A series of retroviral constmcts have been designed for expression of randomized and 
biased peptides within target cell populations. The peptide is expressed from a 
retroviral promoter. The translation unit has several important components. Glycine 
following the initiator methionine at the amino terminus stabilizes the peptide and 
enhances cytoplasmic half-life, according to Varshavsky's N-End Rule. In some 
constructs, a nine amino acid flu epitope tag has been incorporated to permit 
cos)recipitation of the rare peptide and any molecule to which it has affinity, by using 
monoclonal antibodies to the epitope. Glycines are encoded before and after the 
randomft)iased expression product encoding regions to provide some molecular 
flexibility. Two carboxyWentiinal prolines are encoded to confer stability to 
carboxypeptidase. 

For construction of a large library two primers were made (schematized in Figure 1 ). 
The first, designated the random peptide primer, consists of 1) a complementary 
region for vector priming. 2) the regions mentioned above, and 3) a random or biased 
expression product region, were presented as a 30 base sequence encoding a peptide 
of length 10 amino acids. In addition, we have inserted a stop codon in all three 
reading frames in case of minor deletions or insertions in the random region. The 
design of the primer ensures a glycine/proline termination in most reading frames. The 
second primer is downstream in the vector and primes a region of the plasmid that 
contains a unique Not i site. These primers are used to create a library of fragments, 
each containing a different nucleotide sequence that each potentially encodes a 
different peptide. These femWes of fragments are Ugated to vector fragments 
containing puiomycin selection sequence, a 3'LTR. and a bacterial origin of replication. 
The ligation products are then electroporated into E. coH and DNA is prepared from the 
resulting library. Using this technique, we have constructed independent random 
Kbraries with up to 2 x 10« unique inserts. Sequencing multiple individual inserts 
demonstrates they have the structure as defined by Primer 1. and the peptides 
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encoded are random. Such libraries thus made contain subsets of the total 10" 
predicted peptides. 



Generation of RBtmvirai Pppij^^ [ 

A scheme for generating a peptide library in the pBabe Puro vector is shown in Figure 
5 2. Primers for PCR were synthesized, purified and deprotected according to standard 
protocols. Primer 1, complementary to polylinker sequences in the pBabe Puro 
retroviral construct, has the sequence 5" GCT TAG CAA GAT CTC TAC 6GT GGA 
CCK NNK NNK NNK NNK NNK NNK NNK NNK NNK NNC CCC ACT CCC ATG GTC 
CTA CGT ACC ACC ACA CTG GG 3'. N represents any of the four bases: K is limited 
10 to G or T Primer 2 has the sequence 5' GCT TAG CAA GAT CTG TGT GTC AGT 
TAG GGT GTG G 3' and is complementary to sequences within the pUC18 origin of 

replication. PCR was carried out for 8 rounds using primer 1 . Primer 2. Babe Puro as 
template, and a mixture of Taq DNA Polymerase (Promega) and Deep Vent DNA 
Polymerase (New England Biolabs) in a ratio of 128 Taq: 1 Deep Vent as described in 
15 Bames (1994) Proc. Natl. Acad. Sci. USA. 91, -jp. 2216-2220. The amplified PCR 
product was purified, digested vnth restriction enzymes Bgl II and Not I (Prerrwga), 
purified again and ligated with the corresponding Bam Hl-Not I fragment of pBabe 
Puro. After transformation the resulting library contained ~2x10» clones, greater than 
80% of which contained inserts. 



PMSCV-PC and oBabftMM.PC retroviral mnc truet lihrarip«- 

Oligonucleotides were synthesized and purified according to standard protocols. The 
"library" oligonucleotides have the sequence 5* CTG GAG AAC CAG GAC CAT GGG 
C (NNK)10 GGG CCC CCT TAA ACC ATT AAA T 3' or 5' CTG GAG AAC CAG GAC 
CAT GGG CNN KNN KNN KCC TCC CNN KCC TNN KNN KGG GCC CCC TTA AAC 
CAT TAA AT 3'. A third oligonucleotide rconstant"). complementary to the 3' ends of 
the library oligonudeotides, has the sequence 5TCA TGC ATC CAA TTT AAT GGT 
TTA AG 3". As shown in Fig. 3. each Kbrary oligonucleotide is annealed to the 
constant oligonucleotide, converted to double stranded DNA with Sequenase (United 
States Biochemical) or Klenow (Promega), digested with restriction enzyme Bst XI 
(New England Biolabs), and purified and ligated with the appropriate Bst Xl-digested 
retroviral construct Transformation efficiencies are - 2 x 10* clones per microgram of 
ligated DNA, greater than 90% of which contain an insert A representative retrovirus 
is shown in Fig. 4: see also, retroviral nucleotide sequence below: 
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Retroviral vectnr uri|h prffffgntation mf^stHilfft 

TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAA 

GGCAT6GAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGGTTAGGAACAG 

AGAGACAGCAGAATATGGGCCAAACAGQATATCTGTGGTAAGCAGTTCCTGCCC 

CGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCA6CAGT 

TTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCCT 

GTGCCrrATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTrCGCGCGCTTCT 

GCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCT 

CCGATAGACTGCGTCGCCCGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTT 

GCATCCGAATCGTGGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGA 

CTGCCCACCTCGGGGGTCTTTCATTTGGAGGTTCCACCGAGATTTGGAGACCCC 

TGCCTAGGGACCACCGACCCCCCCGCCGGGAGGTAAGCTGGCCAGCGGTCGTT 

TCCTGTCTGTCTCTGTCTTTGTGCGTGTTTGTGCCGGCATCTAATGTTTGCGCCT 

GCGTCTGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTGGTGGAACT 

GACGAGTTCTGAACACCCGGCCGCAACCCTGGGAGACGTCCCAGGGACTTT6G 

GGGCCGTTTTTGTGGCCCGACCTGAGGAAGGGAGTCGATGTGGAATCCGACCC 

CGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACCTAAAACAGTTCCCGCCTC 

CGTCTGAAmTTGCTTTCGGTTTGGAACCGAAGCCGCGCGTCTTGTCTGCTGCA 

GCGCTGCAGCATCGTTCTGTGTTCTCTCTGTCTGACTGTGTTTCTGTATTTGTCTG 

AAAATTAGGGCCAGACTGTTACCACTCCCTTAAGTrrGACCTTAGGTCACTGGAA 

AGATGTCGAGCGGATCGCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGTTG 

GGTTACCTTCTGCTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGA 

CGGCACCTTrAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCT 

GGCCCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTTG 

GCTTTTGACCCCCCTCCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTCCGCCTC 

CTCTTCCTCCATCCGCCCCGTCTCTCCCCCTTGAACCTCCTCGTTCGACCCCGCC 

TCGATCCTCCCTTTATCCAGCCCTCACTCCTTCTCTAGGCGCCGGAATTCCAGGA 

CCATGGGCGGGCCCCCTTAAACCATTAAATTGGTAAAATAAAGGATCCGtCGACC 

TGCAGCCAAGCTTATCGATAAAATAAAAGATTTTATTTAGTCTCCAGAAAAAGGGG 

GGAATGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTTT 

GCAAGGCATGGAAAATACATAACTGAGAATAGAGAAG7TCAGATCAAGGTTAGGA 

ACAGA6AGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCT 

C3CCCC6GCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAG 

CAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGA 

CCCTGTGCCTTATTTGAACTAACCAATCAGrrCGCTTCTCGCTTCTGTTCGCGCG 
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CTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCA 

GTCCTCCGATAGACTGCGTCGCCCGGGTACCCGT6TATCCAATAAACCGTCTTG 

CAGTTGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGTCTCCTCTGAGTG 

ATTGACTACCCGTCAGCGGGGGTCTTTCATTCGTAATCATGGTCATAGCTGTTTC 

CTGTGTGAAATrGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCAT 

AAAGTGTAAAGCCTGG6GTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTG 

CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGA 

ATCGGCCAACGCGCGGGGAGAGGCGGTrTGCGTATTGGGCGCTCTTCCGCTTC 

CTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG 

CTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGG6ATAACGCAGGAAA 

GAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTT 

GCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG 

CTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGnrCC 

CCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATA 

CCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT 

AGGTATCTCAGTTCGGT4TAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAA 

CCCCCCGTTCAGCCCtjACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCC 

AACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATT 

AGCAGAGCGAGGTAT6TAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAAC 

TACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA 

CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG 

CGGTGG I iGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAA 

GAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC 

GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTA 

AATTAAAAATGAAGTrrTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGAC 

AGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTC 

ATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTA 

CCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCA 

GATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCT 

GCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAA 

GTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGT 

GGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCA6CTCCGGTTCCCAACGATCA 

AGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTC 

CTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGT6TTATCACTCATGGTTATGGC 

AGCACTGCATAATrCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTG 
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GTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCG6CGACCGAGTTGCTC 

TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTG 

CTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGT 

TGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTT 

ACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAAT6CCGCAAAAA 

AGGGAATAAG6GCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATAT 

TATrGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTAT 

TTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCT 

GACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCAC 

GAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACAT 

GCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGAC 

AAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAAC 

TATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATAC 

CGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGC 

TGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGC 

TGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTT 

CCCAGTCACGACGTTGTAAAACGACGGCCAGTGCCACGCTCTCCCTTATGCGAC 

TCCTGCATrAGGAAGCAGCCCAGTAGTAGGTTGAGGCCGTrGAGCACCGCCGCC 

GCAAGGAATGGTGCATGCAA6GAGATGGCGCCCAACAGTCCCCCGGCCACGGG 

GCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGGCGAG 

CCCGATCTTCCCCATCGGTGATGTCGGCGATATAGGCGCCAGCAACCGCACCTG 
TGGCGCCGGTGATGCCGGCCACGATGCGTCCGGCGTAGAG 

PepWe L ifrmrv Infection of a Fm^^r^^ruu^n* i n..t^ mu^f, ^ 
ADQPtosis-Rftstefe^nt I inf? 

The Baf/3 cell line is an IL-3 dependent cell that undergoes rapid apoptosis in the 
absence af IL-3. Thus it makes an attractive cell line for dominant effector peptides 
Cells expressing a peptide that inhibits apoptosis are readily selected against the 
background of dying cells. Wb chose this cell line as a model for demonstrating 
peptide selection. 

A retroviral library containing 5 x 10* independent peptide inserts was transfected into 
BOSC23 ceils and converted into retrovirus with an approximate titer of 5 x 1 0* per ml 
Twelve ml of viral supematant used to infect 6 x 1 0- Baf/Scells (2 ml per infection 
of 1 X 10« cells in independent infections). Cells were grown for 3 days after infection 
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rn the presence of IL-3 to allow retroviral integration and peptide expression. After 
three days IL-3 was withdrawn and the cells allowed to grow for two weeks. After two 
weeks, one well of six had outgrowth of cells that survive in the absence of IL-3. 
indicating the presence of an apoptosis-inhibiting peptide. Peptides derived in this 
5 manner nrtay effect the IL-3 independence by positive domtnancy (i.e.. mimic or 
circumvent the positive regulatory role of IL-3) or by inhibition (i.e., prevent the 
apoptosis process upon IL-3 withdrawal). 

Example 3 

pMSCVpc Vector Construction and Apoptosis 

1 0 The retroviral vector pMSCVpc was prepared by cloning an insert containing 

sequences encoding a Kozak translation initiation sequence. BstXI sites for ck>ning 
library inserts. Nru) and Xhol sites and stop codons in all three reading frames, into the 
EcoRt and BamHI sites of pMSCV neo. 

BstX I Restriction Dkiestton 
15 200 pg pMSCVpc vector DNA was combined with 40 pi 1 0X NEBuffer 3 and 

30 pi BstX 1(10 units/pl) in a total volume of 400 pi. The sample was incubated 
ovemight at 55 ^C. phenol extracted, and digested with Xhol, and purified on a 
potassium acetate step gradient using 10, 15, 20 and 25% solutions of potassium 
acetate. The DNA was precipitated, with a recovery of 40%. 

20 Library Insert Preparatipn 
QliqgnudwMg Svnthgsis 

Oligonucleotides (OL) with the following sequer)ces were synthesized: 
OL-1 : 5*.CTG GAG AAC CAG GAC CAT GGG CAA GAG AAA GGG CGA TGA GGT 
GGA TGG AGT GGG GCC CCC TT A AAC CAT TAA AT -3* 
2 5 The underiined region encodes a peptide with the sequence MGKRKGDEVDGVGPP. 
This peptide was shown to Inhibit Fas-mediated and Staurosporin induced apoptosis 
when expressed in cells with a retrovirus. 
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OL-2. 5'-CTG GAG AAC CAG GAC CAT GGG CAA GAG AAA GGG CNN KNN KNN 

KGA KNN KGT GGG GCC CCC TTA AAC CAT TAA AT -3* 

Variable region: N = A.C.G.T (equimolar) K = G.T (equimolar) 

Limiting the K position of each codon to G or T reduces stop codon generation and 

codon usage bias. The underlined region encodes a randomized peptide with the 

sequence MGKRKGXXXD/EXVGPP. 

OL-3: 5'-TCA TGC ATC CAA TTT AAT GGT TTA AG-3' 

The 1 5 3'-bases of OL-3 are complennentary to the 15 S'-bases of OL-1 and OL-2. 

OL-1 and OL-2 were synthesized at IpM scale, while OL-S was synthesized at 
standard 40niM scale. All of the oligos were synthesized with tritykjn. deprotected and 
purified on OPC columns according to the manufacturer's directions (Applied 
Biosystems). Each oligo was resuspended in 200mI 10mM Tris pH 8.5 without EDTA. 
The DNA concentration was determined by measuring the absorbance at 260 nm. 

PCR was done with 50 pmole of either OL-I or OL-2 and 50 pmole of ( .-3. Phenol 
extraction and ethanol precipitation was done, and the resulting DNA was run on a 
10% nondenaturing 10% acrylamide gel. with ethidium bromide staining. 

The samples were quantitated. ligated. precipitated and electroporated into 
electrocompetent TOP10F E. Coll (Invitrogen) using standard techniques (see Current 
Protocols in Molecular Biology, section 1.8.4). A test transfbnnation yielded 5 x 10» 
transformants per pg of pUC DNA. After transformation, the transformation efficiency 
was detemiined by plating dilutions onto LB-amp plates (100 pg/ml ampicillin) and 
counting surviving colonies. For the library insert generated from OL-2. a 4:1 
insertvector molar ration in the ligation gave a transformation efficiency of 3.98 x 10' 
transformants per pg vector DNA used in the ligation, with a large scale transformation 
efficiency of 4.8 X 10' transfomnants per ug vector. The vector alone ligation 
generated 40 fold fewer transfomtants. 10 colonies from the transfomration with the 
OL-1 insert ligation were picked, cultured and the DNA prepared and sequenced to 
identify the correct clone. 

The remainder of the OL-2 librae SOCftransformation mixture was inoculated into 
SOOpI LB-amp (100 pg/ml ampicinin) and incubated at 37 oc with shaking (300 rpm). 
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The AbSeoo of the library culture was monitored. When the culture reached an AbScoo of 
0.8 (approximate^ five hours), 100 pi were removed, pelleted, resuspended in 10ml 
LB/15% glycerol and stored in 1 ml aliquots at -80 (An Abs«o of 0.8 equals a cell 
concentration of approximately 10^ cells per ml. Therefore, for a library of 4.8 x 10^ 
each frozen aliquot will contain 200 library equivalents). 

Analysts of library divensfty 

Surviving colonies plated above were screened by PGR with primers flanking the 
degenerate region to determine the fraction of clones which contained insert (>90%). 8 
insert-containing clones were picked and the nudeotkie sequences of the degenerate 
and flanking non-degenerate regions determined. Each nucleotide was represented in 
the N positions with approximately 25% frequency, while G or T (but not A or C) was 
represented in the K positions with approximately 50% frequency. The frequency of 
stop codons generated in the degenerate region can be detemnined by this method as 
well. 



^5 Generation of library retro virus and infection of Jurkat cpIIc; 

DAY 0: Preparation of Phoenix Retrovirus Producer cells for Transfection: 
18-24 hours prior to transfection, Phoenix cells were evenly plated at 1.5-2 million 
cells per 60 mm plate in Producer cell growth media (DMEM: 10% PCS. 1% Penk^llin- 
Streptomycin. 1% Glutamine). Cells were allowed to attach for 20 hours on the plates. 

2 0 DAY 1 : Transient transfectbn: The highest transfection frequencies are obtained with 
Phoenix cells that are 70-80% confluent at the time of transfection. The DNA in HBS 
(2XHBS = 8.0 g NaCI, 6.5 g HEPES. 10 ml Na,HPO^ stock (5.25 g dibasic in 500 ml 
water), adjusted to pH 7, to a final volume of 500 mis, with a final pH adjustment to 7) 
was prepared for applicatton to the Phoenix cells. About 6 minutes prior to 

2 5 transfection, chloroquine (Sigma) was added to each plate to 25 uM (chloroquine stock 
is 50 mM in ddH20; for 3 mL media + 1 ml DNA, add 2 pi). To a 15 ml conical tube, 
the fbUowing were added (per 6 cm plate, 5 plates total, with all reagents at room 
temperature): 

5 ug library DNA (DNA was added in a drop to side of tube) 
30 1 ug pMSCVpc lacZ virus vector 

438 u1 dd H20 (the DNA was washed to the bottom of tube with water). 
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61 ul 2M CaC1j (Mallinkrodt. catalog # 4160; make up in water, sten'le filter and store 
tightly capped at4*C. 
500 ul Total volume. 

Samples were mixed thoroughly with finger tapping. Transfections with 5 ug pMSCVpc 
lac 2 and with the OL-1 vector DMA were carried out for use as negative and positive 
controls. respectively.O.SmL 2xHBS was added to each tube quickly: the solution was 
bubbled vigorously with the automatic pipettor by keeping the eject button depressed) 
for 10 sec (the actual length of bubbling time depends on each batch of 2xHBS). The 
HBS/DNA solution was dispersed dropwise and evenly onto the media in each Phoenix 
cell plate dropwise (gently and quickly). The plates were observed under a 
microscope; evenly distributed very small black particles of precipitated DMA (like 
pepper) were visible. The plates were placed in a 37 oC incubator and rocked fonrard 
and backward a few times to evenly distribute the DNA/CaP04 particles. 6-8 hours 
post-transfection. the media was changed to 3 ml fresh DMEM. 10% FCS. Prior to the 
media change, the DMA precipitate was larger and more cleariy visible under the 
microscope. 



DAY 2: Second media change. 

24 hours post-transfbction. the media was changed again to 3 ml fresh DMEM, 10% 
FCS. The cells were placed at 32'C (the virus is more stable if incubatton is carried 
20 out at 32'C, although 37»C is fine). 

DAY 3: Transduction of Jurkat EcoR cells. 

A sterile Acrodisc 0.45 micron syringe filter (Gelman Sciences) was attached to the 
end of a 10 ml sterile syringe and the injection stopper sterilly removed from the 
syringe barrel. At 48 hours post-transfection. the virus supernatant was removed from 
the Phoenix cells and added to the syringe barrel. The stopper was replaced and the 
virus supematant was ejected dropwise into a clean, sterile con»al tube. The Phoenix 
cell plates were set aside for X-Gal staining (see befow). Polybrene was added to each 
viral supematant (Sigma; 2.5 mg/ml in ddH20 = 500X; store at -20 oC) to a final 
concentration of 5 mg/ml. 4.5 x 10» Jurfcat EcoR cells (Jurkat cells stably expressing 
30 the ecotropic retrovirus receptor) were pelleted for 1400 rpm for five min and 

fBSuspended in 9 mis of the OL-2 library vims supematant The cells were distributed 
in aliquots of 1 ml, or 5 x 10* cells, into the wells of a 24 well plate. 1 .5 x Iff* Jurkat 
EcoR cells were similariy treated with 3mls each of the lacZ viral supematant and the 
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OL-1 viral supernatant Each cell plate was wrapped in parafilm. placed in a microplate 
carrier (DuPont) and centrifuged at 2500 rpm for 90 min at 32*C in a DuPont/Sorvall 
RT 6000B table top centrifuge. After centrifugation. the cells were observed under a 
microscope. The presence of large irregularty-shaped bodies representing fused 
Juricats (each as large as 5-10 unfused cells) suggested successful infection. The 
parafilm was removed from the plates, which were placed at 32'C. After an additional 
16 hours at 32'C, the cells were loosened from the bottom of each well with gentle 
trituration and added to a 15 ml conical tube. The tubes were centrifuged at 1400 rpm 
for five min to the pellet the cells. The cells were resuspended in 5 mis fresh 
RPMMO% FCS for every three wells of cells and added to a 60 mm plate (3 wells of 
cells per plate). 1 ml fresh RPMI. 10% FCS was added to each well of cells remaining 
in the 24 well plates. Plates were kept at 37^0 for 72 hours, at which time the cells 
transduced with each virus were combined and an aliquot Jurtcat cells stained with 
Gal. Unused viral supernatant was stored at -80'C for future transduction, although the 
1 5 titer drops by one-half for each freeze-thaw cycle. 

Determination of transfentinn ^ffj^jffnTTY 

Both tranfected Phoenix cells and transduced Jurkat cells were stained with X-Gai to 
gauge the transfection and transduction effteiencies. The purpose of co-transfecting 
the pMSCVpc lacZ virus vector with the library virus vector, as described above, was 

20 to permit an indirect assessment of the efficiencies of transfection and 

transductionPreparation of solutions: fixative: PBS/0.10% Glutaraldehyde. 
Glutaraldehyde stock (Sigma cat # G5882) is a 25% solution, or 250X; stock staining 
solutfons: i) 300mM/25X ferrocyanate solution: 25.3 g K4Fe(CN)6.3H20 (Mallinckrodt) 
+ 2.48 g MgCt2 (Sigma) in 200 ml H20; store at 4»C; ii. 300mM/25X ferricyanate 

25 solution: 19.75 g K3Fe(CN)6 (Sigma) + 2.48 g MgCI2 in 200 ml H20; store at 4^ iii. 

XGal (Molecular Probes) is made up as a 40mgyml solution in DMF; store at -izO'^C in 
the daric; iv. 1X ferra/femcyanate solution: add 4 ml 300mM/25x ferrocyanate solution 
and 4 ml 300mM/25X ferricyanate solution to 196 ml PBS; store at 4X for up to one 
month; v. active staining solutran: each time cells are to be stained, 100 pi 40mg/ml X- 

30 Gal is added to each 3 ml IX ferro/femcyanate solution; washing solution: PBS for 
Phoenix and other adherent cells; 1% FCS in PBS for Juri^at and other nonadherent 
cells. 
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The media was removed from the 60 mm plates of Phoenix cells or 5 x 10* Jurkat 
cells were pelleted in a 15 ml conical tube at 1400 rpm for five min. 2 mi of fixative 
were added to each 60 mm plate of Phoenix cells or Jurkat cells were resuspended in 
1 ml fixative. Cells were left in fixative for 2 min. For Phoenix cells, fixative was poured 
off and the cells were washed three times with PBS (first two washes were quick- for 
third wash, the PBS was left on the cells for 3 min). For Jurkat cells, the fixative was 
quenched by adding 5-10 ml PBS/1% FCS to each conical tube, inverting each tube 
five times and pelleting as before.3 ml of active staining solution were layered onto 
each 60 mm plate of Phoenix cells or each cell pellet of 5 x 10» Jurkat cells was 
resuspended in 1 ml of active staining solution and placed in a well of a 24 well plate 
All cells were incubated at 37-C. The cells were observed under a mteroscope 24 
hours later. The effieienqr of iransfectk>n of the Phoenix cells was estimated as the 
percentage of blue cells in a field. The efficiency of transduction of the Jurkat cells 
was estimated by counting blue ceUs in a hemocytometer. Transfecfion with 5 pg lacZ 
vector pmduced 50% blue Phoenix cells. Transduction of Jurkats with the resulting 
virus produced 30% blue Jurkat cells. Co^ransfectbn of Ipg lacZ virus vector with 5 
Mglibraryvirusvectorproduced5-l: ^ blue Phoenix cells. Transduction of Jurkats 
with the resulting virus resulted in 3-10% blue Jurkat cells. 

Selection of Jurkat caiic uij^t, |qm s„n^^^ 

Titer IgM anti-Fas: A fresh batch of CH-11 IgM antibody to human Fas (Kamiya 
Biomedical Company; cat # MC-060)was tested to determine the effectiveness of 
induction of apoptosis. 5 x 10' Jurkat EcoR cells were pelleted at 1500 rpm for five 
min and resuspended in 1 ml RPMI/2.5% FCS plus serial dilutions of CH-1 1 antibody 
SO ng/ml. 10 ng/ml. 2.0 ng/ml and 0.5 ng/ml final concentration. Cells in each dilution 
of antibody were placed in a well of a 24 well plate at 3rc for 48 hours, at which time 
4 ml acridine orange/ethidium bromide (Sigma; 100 jjg/ml each in PBS; store in the 
darkat4'C)wasaddedto100mlceMsonice. Cells were examined in a 
hemocytometer under a 20 x ol^ective with a filter combination suitable for reading 
fluorescein. 



30 



2. 1 00 cells from each sample were counted and the number of cells in the following 
groups was recorded: 

1. live cells with normal nudei (bright green chromatin with organized structure). 

2. early apoptotic (EA; bright green chromatin that is highly condensed or fragmented). 
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3. iate apoptotic (LA; bright orange chromatin that is highly condensed or fragmented). 

4. necrotic cells (N; bright orange chromatin with organized structure). 

% apoptotic cells was calculated as EA + LA/total number of cells counted x 100 
Using 10 ng/ml of the CH-11 antibody, > 95% apoptosis of Jurkat EcoR cells was 
5 demonstrated. 

jqM anti-Fas selection of Itbrary-exDressino Jurkah^ 

9.6 X 10® OL-2 library-transduced Jurkat cells were pelleted and resuspended in 96 ml 
RPMI/2.5% FCS + 10 ng/m) CH-1 1 antibody. Cells were distributed in 1 ml aliquots of 1 
X 10* cells into each well of four 24 well plates. 4.8 x 10» lacZ-transduced Jurtcats and 

0 OL-l-transduced Jurkats were similarty treated and each distributed into the wells of 
two 24 well plates. Plates were placed at 37'C for five days. The plates were checked 
daily for bacterial or yeast contamination. Cells were removed from any contaminated 
wells and 2 ml 10N NaOH was added to the empty wells to reduce the risk of spread of 
contamination to other wells. Little to no live cells were ot)served under the microscope 

5 after 2-3 days, confirmed by the red color of the media which had not been depleted of 
any nutrients. Five days after initial IgM anti-Fas treatnnent 1 ml RPMI/20% FCS was 
added to each well. The cells were left at 37'C for an additional 10-14 days. The 
plates were checked frequently for contamination and treated as above. 10 days after 
addition of the RPMI/20% FCS. nearty every well of the OL-1 -transduced cells 

) contained live colonies of cells, confimied by the orange color of the nutrient-depleted 
media. The nrtedia in alt wells of lacZ-transduced cells remained red, and little cell 
growth was observed in any of the wells. Selected wells of the OL-2 library-transduced 
cells contained live celts and nutrient-depleted media. During the next two weeks, cells 
were renx)ved from all welts in whteh significant cell growth was occurring, as guaged 

> by observing the cells directly under the microscope and nwnitoring the increasing 
nutrient depletion of the cell media. Cells from each well were resuspended in 5 ml 
fresh RPMI/10% FCS and placed in a 60 mm dish at 37 oC for 2-3 days. 

RNA isolation 

RNA was isolated from the each surviving well population of OL-2 library-transduced 

► Juricat cells (17 welts) . as well from five surviving well populations of OL-1- transduced 
ceils, using the mRNA Capture Kit according to the manufacturer's protocol 
(Boehringer-Mannheimcat#1 787 896). BriefJy: 
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5x10* cells from each dish were pelleted at 1400 rpm for five min ir> an Eppendorf 
tube, washed twice with PBS and resuspended in 200 ml lysis buffer and sheared by 
passing six times through a 21 guage needle attached to a 1 ml syringe. 4 ml 1:20 
dilution of biotinylated oligo(dT)20 was added to each sample and incubated tor 3 min 
at 37»C. The mix was removed from each tube. Each tube was washed three times 
with 200 ml of washing buffer. Cells were also stored in 90%FCS/10%DMSO in 1 ml 
aliquots of 1 x 106 cells each in liquid nitrogen. 

RT PCR reswm of Peptide-ftncodino insfft S from ss\e^^ 
PGR was carried out using the TitanTM RT-PCR System (Boehringer Mannheim cat 
#1 855 476). using two primers: 5'pBL primer has the sequence: 5'-GAT CCT CCC 
I n ATC CAG-3- and is complementary to nucleotides 1364-1 381 of ail pMSCVpc- 
based vectors and retrovirus mRNA. just upstream of the cloned insert 3A primer has 
the sequence S'-CTA CAG GTG GGG TCT TTC-3' and is complementary to a 
sequence in all pMSCVpc-based vectors and retrovirus mRNA, just downstream of the 
15 cloned insert 
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Re-Clonino rescued n«.nHr|»flnecy1in.;. 

Each PCR-rescued sample was extracted with phenol chloroform, ethanol precipitated 
and resupsended in 25 ml lOmM Tris pH 8.5. 3 ml nondenaturing DNA gel loading dye 
was added to 10 ml of each sample and run on a 10% acrylamide minigel with 
oligonucleotide quantitation standards and a 10 base pair ladder, as described above. 
Each lane contained one prominent band with the expected molecular weight of 216 
base pairs and minor background bands. The molarity of each sample was quantitated 
using NIH Image as before. Each sample was BstXI restriction digested, phenol 
extracted, ethanol precipitated and resuspended in 25 ml lOmM tris pH a.S.The 
purified samples were loaded onto 10% acrylamide gels and quantitated as before. All 
samples contained a prominent band of 55 base pairs, the expected molecular weight 
for the restriction digested insert as well as bands of 100 base pairs and 51 base pairs 
corresponding to each of the ends of the rescued DNA insert removed by the 
restriction enzyme. Each restriction digested, PCR-rescued insert was ligated at a 4:1 
insertvector molar ratio with 100 ng pMSCVpc vector DNA. precipitated and 
electrotransfoimed as before. Surviving colonies for each transformation were PCR 
screened using the S'pBL and 3A primers. 8 to 10 insert-containing colonies for each 
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transformation were cultured overnight, the cultures were pooled and a single mini- 
DNA preparation carried out for each pool. 

Fas-Selected Peptide clones: All peptides have the sequence: MET GLY LYS ARG 
LYS GLY XXX XXX XXX D/E XXX VAL GLY PRO PRO. Only the xxx xxx xxx D/E 5 
5 amino acids are written above each DNA sequence t>elow. 

From first library selection well: 

L1B3 INDIVIDUAL CLONES, FAS-SELECTED. 

j^AxR ru-in. oji^rL *40Jf * * t ■* * 

L1B3E1 ATG GGC AAG AGA AAG GGC ACG GCG TCT GAT GCT 
10 GTG GGG CCC CCT TAA 

TYR PRO SER ASP VAL 
L1B3E2 ATG GGC AAG AGA AAG GGC TAT CCT TCT GAT GTG 
GTG GGG CCC CCT TAA 

THR PRO SER ASP MET 
15 L1B3E3 ATG GGC AAG AGA AAG GGC ACG CCT TCG GAT ATG 

GTG GGG CCC CCT TAA 

THR ALA SER ASP LEU 
L1B3E6 ATG GGC AAG AGA AAG GGC ACG GCT TCT GAT CTT 
GTG GGG CCC CCT TAA 

SER ASP ARG ASP ILE 
L1B3E7 ATG GGC AAG AGA AAG GGC TCT GAT AGG GAT ATT 
GTG GGG CCC CCT TAA 
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From second library selection well: 
L2A5 INDIVIDUAL CLONES, FAS SELECTED. 



TRP LEU LEU GLU PHE 
L2A5A2 ATG GGC AAG AQA AAG GGC TGG TTG CTA GAG TTT 
5 GTG GGG CCC CCT TAA 



L2A5A3 ATG GGC AAG AGA AAG 
GTn anrz rnn nnny mTvn 

www -wwa 



L2A5A6 ATG GGC AAG AGA AAG 
CG GGG CCC CCT TAA 



TRP LEU LEU GLU PHE 
GGC TGG TTG ATA GAG TTT 

TRP LEU LEU GLU PHE 
GGC TGG TTG CTA GAG TTT 



15 



20 



TRP LEU LEU GLU PHE 
L2A5A8 ATG GGC AAG AGA AAG GGC TGG TTG CTA GAG TTT 
GTG GGG CCC CCT TAA 



SER TYR GLN ASP LEU 
L2A5A9 ATG GGC AAG AGA AAA GGC TCT TAC CAA GAT CTG 
GTG GGG CCC CCT TAA 



Example 3 

Staurosporine selection of NIH 3T3 cells transduced with pBabe puro peptide lil,rary 

A . L ibriifvronitnirtinn Construction of the pBabe pure random peptide library was 
described earlier in the patent The randomized peptide has the sequence. 
MGXXXXXXXXXXG6PP. The diversity of the library is 2 x 10« at the DNA insert level 
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B. Lit?f?nr trangfection. Transfectlons were earned out as described for Fas-setection. 
but in 15 cm plates of 10' Phoenix cells. The DMA solution added to each plate 
consisted of: 50 ug library DNA, 5 ug Iac2 vector, 4340 ul ddHjO, 610 ul 2M CaCi, and 
5000 ul 2xHBS. 

5 C. Library transduction. 24 hours prior to transduction, 2 X 10^ NIH 3T3 cells were 
plated in each of ten 15 cm plates in 25 ml DMEM. 10% Bovine Calf Serum. 5 ml 
library virus supernatant v/bs added to each plate (plus poiybrene as before). 24 hour 
after transduction, media was changed to 25 ml fresh DMEM, 10% BCS. Cells were 
stained with X-gal at 48 hours post-transduction. The transduction efficiency was 
1 0 estimated as 40-50%. 

D. StaurosDOrine selection. Staurosporine. an alkaloid from StreptomycBs sp./tsa 
potent broad spectaim inhibitor of protein kinases which binds the ATP site. Addition 
of 1 uM staurosporine in serum-free media to NIH 3T3 cells Induced >99% apoptosis 
within 24 hours, as determined by ethidium bromide/acridine orange '"ouble staining as 

1 5 described for the Fas selection. 

2 X 10" library-transduced NIH 3T3 ceils were plated in each of 10 15 cm plates. Cells 
wer allowed to attach for 24 hours, at which time staursporine was added to 1 uM in 
serum free DMEM. LacZ-transduced NIH 3T3 cells and BCL-2-transduced NIH 3T3 
cells were used as negative and positive controls, rfespectively. 24 hours after 
2 0 stuarosporine ti^atment, the media was changed to 25 ml fresh DMEM, 10% BCS. 

The media was changed every two days for one week, until the sruviving cells kx)ked 
healthy (typical 3T3 morphotogy). at which time 1 uM staurosporine in serum-free 
media was added again. The media wash changed to DMEM, 10% BCS as before. 
Stp treatment was carried out again for a total of three treatments, at which time the 

2 5 number of library-transduced cells suriving appeared greater tiian the number of lacZ- 

transduced celts (but less than the BCL-2-transduced cells. 

E. Moloney ti^nsfef. After the second staurosporine treatment alkiuots of surviving 
cells from each plate were infected with wild type Moloney murine leukemia virus 
supernatant (generated by transfecting Phoenix cells with the retroviral vector p2ap). 

3 0 The virus was allowed to spread through the culture for one week (with re-plating of 
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the cells every 2-3 days). Cells were plated as before and treated with Staurosporine 
before proceeding to RNA isolation and PCR rescue. 

F- RNA |s(?|9tign i Allquots of ceHs surviving in each plate were resuspended in 90% 
FCS, 10% DMSO and stored in liquid nitrogen. RNA was prepared with Trizoi reagent 
(Gibco BRL. cat # 15596-026). Briefly. 1 ml TRIzol reagent was added were lOcnf 
monolayer of cells and incubated for 5 min at room temperature. Cell lysates were 
transferred to 15 ml conical tubes. (Note: at this point. DEPC-treated solutions and 
glassware were used exclusively). 0.2 ml chlorolbrm was added per 1 ml TRIzol 
reagent used. Tubes were shaken for15 sec. incubated for 3 min at room temperature 
and centriftiged at 12000 xg for 15 min at4 X. The RNA-containing upper aqueuous 
Phase was removed and 0.5 ml isopropanol added per 1 ml TRIzol used for the initial 
homogenization. Samples were mixed and incubated at room temperature for 10 min 
followed by centrifugation as before, the supernatant was removed and the RNA pellet 
washed with 75% ethanol (1 ml per 1 mi TRIzol). The sample was vortexed and 
centrifuged at 7500 x g for 5 min at 4 -C. The RNA pellet was air-dried for 10 min and 
resusupended in RNase-free water with 10 min incubation at 60 »C to dissolve the 
pellet. RNA concentration was determined by measuring the absorbance at 260 nm. 

g , PCRresoilf PCR rescue was carried out as for Fas selection, using the primers 
5'pBLandSV40down. The second primer has the sequence: 5" CTG ACA CAC ATT 
CCA CAG 3- and is complimentary to positions 1424-1441 of the pBabe Puro retroviral 
vector. PCR reactions were extracted with phenol-chloroform, precipitated with 
ethanol and digested with Bam HI and Sal I before ligation with the retroviral vector 
pWZL neo. The figure shows a 10% acrylamide gel of representative PCR-generated 
inserts: 

25 Lane 1: 10 base pair ladder 

Lane 2: undigested PCR insert firom Stuarosporine-selected cell population 

Lane 3: undigested PCR insert from same cell population, after Moloney rescue and 

Staurosporine selection. 

Lanes 4 and 5: same as lanes 2 and 3, after restriction digestion. 
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H , SewndfirY rmim pWZI neo vectors containing rescued inserts were transfected 
into Phoenix cells, and the resutting virus used to transduce NIH 3T3 cells. 
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Staurosporine selection was repeated three times as kiefore, before RNA preparation 
and PGR rescue. 

I. Sequences of the first 9 positives: 

The sequences of the first nine positives are as follows: 

5 SEQUENCE OF 2 P 1 

GGATCCAGTGTGGTGGTACGTAGGAATACC - 

ATG GGA TOT CCG TCT GTT GCT AGO CCG CGG GGT GGT GGG GGC CCC CCC 
Met Gly Cys Pro Ser Val Ala Arg Pro Arg Gly Gly Gly Gly Pro Pro 
TAGCTAACTAAAGATCCCAGTGTGGTGGTACGTAGGAATTCGCC 2 PI 
10 Stp Stp Stp Bam /Bg 

SEQUENCE QF 4 P 1 

GGATCCCAGTGTGGTGGTACGTAGGAATACC - 

ATG GGA TTG TCT TTT GTT ATT <C/TGT 0^ 3 GAG CAT CGT GGG GGC CCC 
Met Gly Leu Ser Phe Val lie Arg lieu Gin His Arg Gly Gly Pro 
15 CCC TAG CTAACTAAAGATCCCAGTGTGQTGGTACGT 4 PI 

Pro Stp Stp StpBam /Bg 
Cys 

SEQUENCE OP 5 P 1 
GGATCCCAGTGTGGTGGTACGTAGGAGTACC - 
20 ATG GGA CCT CCG ATT TGG TAT ACT CAT TGG AGT CAT GGG GGC CCC CCC 

Met Gly Pro Pro He Trp Tyr Thr His Tip Ser His Gly Gly Pro Pro 
TAG CTAACTAAAGAT CC 5P1 
Stp Stp StpBam /Bg 

SEQUENCE OF 6 P 1 
2 5 GGATCCCAGTGTGOTGGTACGTAGGAGTACC - 

ATG GAA GTC AGG CGT TTG TGA ATA CTC GGC ATA AG GGG GGC CCC CCC 
Met Glu Val Arg Arg Leu Stp Gly Gly Pro Pro 

TAGCTAACTAAAGAT CC 6 PI 
Stp stp StpBam /Bg 
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SEOUEwrR np 7 p -I 

CCGGCCGTATTCAACAAGGGGCTGAACKSATGCCCAGAAGGTACCCCaiTTGT^ 
CTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGCT 



7P1 



SEQUEWPE HP ft p 1 
GGATCCCAGTGTGGTGGTACGTAGOAATACC 

ATG GGA CTT TAG CCG GGC CCC CCCTAGCTAACTAAAGATCCCAGTGTGGTGGT 
Met Gly Leu Stp pro Pro Stp Stp Stp Bam /Bg 

. ACGTAGGAATTCGCCAGCACAG T 8P1 

GGATCCCAGTGTGGTGGTACGTAGGAATAC 

ATG GGA ACT GTT ATG GCG ATG TCG GAT TAG GTC GAG GGG GGC CCC CCC 
Met Gly Thr Val Met Ala Met Ser Asp Stp Gly Gly Pro Pro 

TAGCTAACTAAAGATCC 9P1 
Stp Stp Stp Bam /Bg 

SEQUEwrr; of in p -; 
GQATCCAGTGTGGTGGTACGTAGGAATACC 

ATG GQA TQT CCG TCT GTT GCT AGO CCG CGG GGT GGT GGG GGC CCC CCC 
Met Gly Cys Pro Ser Val Ala Arg Pro Arg Gly Gly Gly Gly Pro Pro 
TAGCTAACTAAAGATCC lOPl 
Stp Stp Stp Bam /Bg 

Example 4 
Use of NF-kB and NFAT in Signalling 

The NFKB/IkB complex is the classic proinflammatory second messenger system, 
known to be involved as a positive regulator of a number of pnwnflammatory 
processes and cytokines. These include, but are not limited to, IL-1. lL-6. IL^. and 
TNFki. As well, antiinflammatofy interteuldns. such as IL-4. can lead to direct down- 
modulation of NF-kB in synovial fibroblasts and concommitant downregulatwn of IL-6 
productfon. The NF-kBflkB complex is a widespread, acute-phase, rapid-response 
transcriptional activation system. It operates in most cell types tested, but leads to 
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different outcomes dependent upon the celt type and the nature of the initiating 
stimulus. Activators of NFA(B include LPS, TNF-a. iL-1. inducers of T cell activation, 
protein synthesis inhlbrtors. phorbol esters, and a-lgM. Other inducers include the 
vinises Adenovirus, HTLV I, cytomegalovirus. Sendai. and Herpes simplex I, agents 
that cause cellular damage such as ultraviolet light and peroxides, and phosphatase 
inhibitors such as okadaic acid. These inducers act through PKA and PKC-dependent 
pathways, double-strand RNA^ependenl kinase, and other pathways. Pharmacologk: 
regulators of NF-kB. such as salicylate and glucocortkxMds. act by either preventing 
IkB-a degradation or lead to upregulation of IkB-a transcription and steady-state levels, 
thereby acting to prevent the activation of this critical factor 

NF-kB (Nuclear Factor that binds to the k locus B site) is present in the cytoplasm of 
most cells in an inactive form compiexed to IkB (Inhibitor of NF-kB). Certain stimuli 
received by cells are processed by cellular signaling mechanisms and integrated in the 
specific phosphorylation of IkB and its degradatksn. The regulatwn of IkB-a function is 
through a Signal Response Elerr nt (SRE) in the amino tenninus of the molecule. 
Phosphorylation of serine residues 32 and 36 leads to recognition of the IkB^ 
molecule by the ubiqultination machinery, release of NF-kB to the nucleus, and 
degradation of IkB. Therefore, dependent upon the phosphorylation/degradative state 
of IkB. NF-kB is either maintained in the cytoplasm or released to the nucleus. In the 
nucleus NF-kB binds to a consensus DNA motif found near the regulatory regions of 
many characterized genes and therein acts as a transcriptional regulator. Importantly, 
from the point of view of infectious disease, NF-kB is a primary activator of the Human 
Immunodeficiency Virus (HIV). Suitable induced genes include TNF-a and IL-6. 

Bk)chemically. NF-kB is defined as a heterodimer of two polypeptides, p50 and p65, of 
corresponding molecular mass 50 and 65 kD. respectively. p50 is processed from a 
105 kD precursor protein by an as yet uncharacterized nr>echanism. p65 is the 
receptor for IkB and is the molecule through which IkB exerts its inhibitory/regulatory 
effects on NF-kB. These are the prototypic trasncription factors that define a large 
family of classical Rel/NF-kB factors. 

Ctoning of the p50 and p65 components of NF^cB led to the discovery of a family of 
related factors, tenmed Rel. Both p50 and p65 have a 300 amino motif (Rel) at their 
amino termini that was originally described in the proto-oncogene c-rel and the 
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Drosophila axis^etermining gene. Dorsal. The family of polypeptides revealed by p50 
and p65 have overlapping DNA-binding specifictties. differential tissue distribution, and 
complex regulatory phenomena. p105(p50) is representative of the ankyrin-motif- 
containing Rel proteins that are processed in the cytoplasm to smaller proteins lacking 
5 the carboxyl tenninus. The carboxyl terminus of p105 shows structural and functional 
homologies to IkB (which also has ankyrin motifs) and functions with an IkB^ike activity 
both in cis and in trans. p6S is representative of a second group of Rel proteins that 
have divergent carboxyl termini - these regions have been suggested to encode 
transcriptional activation domains. The 300 amino ackis of Rel domains manifest four 
10 important functions: 1) DNA-binding in the roughly amino-terminal 1/3 of the domain. 2) 
dimerization in the carboxyl portion of the domain. 3) interaction with ankyrin- 
containing ikB-iike proteins, and 4) nuclear-localizing signal at the cartxjxyl terminus of 
the Rel domain. In p50 the Rel domain also includes a transcriptional activation 
domain. 



20 



15 NFAT. the Nuclear Factor of Activated T Cells (NFAT). is the immediate early acute 
phase response factor for T cell activation. Inhibition of NFAT by cyclospohn A (CsA) 
leads to blockade of IL-2 production and loss of T cell commitment to activation. 
NFAT, a critical component of pro-inflammatory events carried out by T cells, is also 
the factor blocked by CsA in transplantion. Upon cloning NFAT it was clear contains a 
region of the molecule implicated in DNA binding that has signifk:ant homology to the 
Rel family of proteins. Based on structural considerations, homology comparisons, 
and similar modes of action, as well as genomic structures of the molecules kllccate 
similar Intron/exon boundaries in NF-kB and NFAT families, thus indicating that NFAT 
actually belongs to the Rel family of factors by lineal descent and that its intei3ction 
with pro-inflammatory trasneriptional regulators of the bZIP family woukJ fbltow a 
general set of rules common to the NF-kBft>2IP interacttons. 

Vte have Shown that NFAT is involved in proinflammatory response to mitogens in 
activation of HIV-1 (S. Kinoshita and G.P.N, submitted) and that the binding of NFAT to 
sites overlapping the NF-kB sites of HIV-I is leponsible for this process. This work 
follows on work by others showing that NFAT can regulate TNF-a activation in 
interaction with ATF.2/Jun and GM-CSF. Interestingly. NFAT also appears to be 
involved in regulation of mast cell release of IL-4. an important regulator of pro- 
inflammatory cytokines, such as IL-1P. TNF-a and IL-6. The activity of NFAT in these 
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systems has all shown to be pharmacologically modulated by CsA. Thus, although 
NFAT was originally dscovered as a T cell specific factor, it was fater found to be 
responsible for a host of immediate early, acute phase response activities, as well as 
direct regulation of IL-4. 

TherBfore, the extended Rel families of NF-kB and NFAT make attractive targets for 
inhibition and modulation of pro-inflammatory action. Their involvement in numerous 
regulatory pathways and their decisive roles in such processes, including the specific 
interactions they elaborate with bZIP proteins, make them attractive specific targets for 
inhibition. 

Reporter Genes for detection of TNF-q and IL-1 pmrnoter ar^fin^ 
We designed a retrovirus-based luciferase reporter-gene system driven by a minimal 
promoter and two Igk NF-kB sites. In the constructs presented here, the deletwns I 
introduced were more extensive than those previously published, since preliminary 
experinwnts show d that residual enhancer activity reskled in commonly available 
deletion construcis (Nolan. Saksela and Baftinwre. unpublished). The vectors 
designed were pSInll-luc (containing a luciferase gene in the retroviral sense 
orientatwn to test for reskiual promoter activity in the construct backbone). pSinll- 
fosluc (identrcal to pSinll luc except contains a minimal fbs promoter element to test for 
residual enhancer activity in construct backbone), and pSinll.2kBfosluc (derived from 
pSinll-fostuc with 2 Igk kB sites cloned 5' proximal to the fos minimal promoter as a 
reporter for NF-kB activity). These three vectors used to infect 1x10* 702/3 cells. 
702/3 is a murine pre B cell line originally used In the initial characterization of NF-kB. 
After 48 hours, the infected cells were split into two fractions (stimulated with LPS and 
unstimulated). Six hours later, cell extracts were prepared and assayed for luciferase 
activity (extract representing -10* cells was used for each point). The results showed 
that SInll-luc showed no indiction, Sinll-fbsluc showed roughly a one-fold increase, and 
Sinll-2kBfbsluc showed a fourfold induction in lucerifase activity. Accordingly, 
retrovirally based reporter constructs can be used to sensitively report NF-kB activity in 
native chromatin. It now becon>es possible to combine reporter gene technotogy with 
retroviral delivery of effector peptides. Unstimulated cells and stimulated controls 
(uninfected and SinlMuc) showed little or no activity. Importantly, then, retroviral 
delivery did not result in significant background induction of NF-kB activity, a problem 
with other transfection procedures. The Sinll-luc and pSinll-fosluc controls shows no 
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significant residual promoter or enhancer activity in the construct No significant 
readthrough from endogenous genomic loci or endogenous enhancer activity that 
might obscure readings was detected. These latter results are consistent with previous 
work using gene search retrovinises employing lacZ and flow cytometry. In these 
studies less than 0.1 % of random integration events showed endogenous cis- 
regulation of the integrated constructs. 

These construct designs will be used as the basis for rapid creation and testing of 
TNF-a and IL-1 promoter studies in T cells, macrophages, and synovial cells. Wte 
incorporate in the place of luciferase either the lacZ or GFP cDNAs for FACS-based 
assay. We will place up to three to four kilobases of TNF-a or IH promoter region 
place of the minimal promoter employed here. These constructs will be used as a 
proxy measure of endogenous TNF-a and IL-I promoter activity and will serve to allow 
for searches for peptides from our libraries that act upon NF-kB or NFAT as well as 
unknown signaling pathways that are independent of NF-kB or NFAT critical to TNF-a 
15 and IL-1 signaling. 

The B cell lines to be used are 702/3. T cells to be used are human Jurkat 
Macrophage lines to be used are Raw 309 and the P38BD1 line which is highly 
responsive to PMA induction of secreted IL-1. Synovial cells to be used are HIG-82 
and can be activated with IL-1 to induce metaltoproteases and with TNF<i to induce 
NF-kB. IL-1 induction of metaltoproteases acts through NF-kB on collagenase and 
other metaltoproteases of this group. Thus, we have shown that P-gal fused to IkB-a 
and delivered via a retrovirus to cells responds to stimuli that degrede IkBKx as follows: 
a) 702/3 pre-B cells were infected with a retrovims expressing a fusion of P-gal to 
either wiW-type lkB-« or an inactive, dominant negative IkB-a; infection efficiency was 
approximately 30%. Cells were stimulated with LPS for varying times and then loaded 
wrth FDG for measure of t^al expression by FACS. b) Cells from (a) were induced for 
maximal LPS Inductton of IkB-a degradation and treated with either salicylate or 
control. Salicylate btocked degredatton of the p^aJ-lkB fusion to the same extent as 
the dominant negative IkB-o. 
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Pirect ^mm \n Hvino fteiK of stsany ^tff IftYftlf f i r f I ffl g 

At the first approach. NF-kB activation will be measured using our newly developed 

IkBK, mobile reporter system described above. In this approach, the N-temiinus of 
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IkB-a has been translationally fused to the lacZ gene. In mammalian ceils, (J- 
galactosidase expression can be measured using the Fluorescence activated Cell 
Sorter (FACS) on a cell by cell basis. By coupling 3-gai to IkB-a, the stability of P-gal 
is functionally dependent upon IkB-a. Since signals in cells that activate NF-kB lead to 
5 the degradation of IkB, &-gal was similarly degraded; as above, cells were infected with 
a retrovirus containing a p-gaHkB-a fusion and induced them with stimuli that lead to 
activatron of NF-kB. We can use the cell sorter to distinguish cells that have degraded 
IkB-a on a REAL-TIME basis, and not through activation of proxy reporter genes. 
These lines were shown to respond accordingly after treatment with the anti- 
1 0 inflammatory agent salicylate (aspirin) whch has been shown to be a direct Inhibitor of 
NF-kB activation. We have used this and related protocols in B cells to select for novel 
mutants of IkB-a and have thereto defined new regions of the IkB-a molecule that 
respond to differential signaling (J. Caldwell and G. Nolan, unpublished). 

1x10^ cells carrying the reporter will be infected at high efficiency with the molecular 
15 !f;oraries described herein. Cells will be stimulated with LPS. TNF-a, IL-1 or PMA, and 
then used to select by FACS for those cells that DO NOT degrade p-gal. After growing 
out of the cells, the population will be resttmulated as before and sorted again. Cells 
will be sorted until the population is 100% heritable for the lack of degradatk>n 
phenotype . Inserts will be rescued, recloned into a retrovirus construct, and then 
2 0 screened again until a trans-phenotype can be confinned. Peptkjes will be sequenced 
as noted. 

Selection NFAT-deficiencv usino cell-death induction bv NF AT dependent pathways 
We have devised a system for selecting for blockade of NFAT signaling in cells that 
can be employed with our retroviral libraries. The system is based upon findings by 

2 5 Serafini and colleagues in which they were able to create a cell line whose death was 

dependent upon activation of NFAT. Cells stimulated by activators of T cells or NFAT 
lead to actlvatkjn of NFAT and Its translocatran into the nucleus. Activation leads to 
induction of the diptheria toxin A gene such that the cells undergo rapid celt death. 
This is shown using Propkjtum iodide as a measure of cell vtabiltty. Thus, in a large 

3 0 populatran. those cells that are bkxked for NFAT activation by peptides that interfere 

with the signaling system will survive. Serafini and colleagues used the approach to 
select for mutants in T cells signaling. We will use this proven NFAT-dipA systemin 
our peptide selections. 
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Again, cells will be infected as above with appmpriate peptide libraries and screened 
for blockade of NFAT signaling. This basic approach, if successful, might be similarly 
applied to TNF-a or IH signaling. 

There is expectation that signaling systems exist whose purpose is to provide either 
pro-inflammatory and anti-inflammatory signaling. As noted above. IL^ for instance 
can blockade IL-e signaling in cells. Induction of glucocorticoid expression leads to 
upregulation of IkB and thereby blocks NF-kB activation. Activaton of antK»cidant 
pathways is well known to be similarly anti-inflammato.y. Salicylate blocks NF-kB 
through regulation of cellular oxygenase levels. Although the peptide searches 
outlined above might find players in such pathways intraceliularty. we desire to search 
for surface molecules that might initiate such protective cascades. 

The peptide libraries in constructs for secreted peptides and tethered peptides will be 
used in T cell. mac«,phage. and B cell systems to select for blockade OR activatton of 
NF-kB mduction. Stimuli will include TNF-a and IL-1 for blockade. Activation will utilize 
the FACS-based systems in'reverse'. That is, we will k>ok for r^jptides whose 
expression leads to constitutive activation of and NF-kB repo> ..-r construct. In this 
case the reporter construct can be a TNF-a reporter driving lacZ or GFP The 
constructcansimilarlybelL-ldrivinglacZorGFP. For endogenous loci wecan 
select for cells that induce VCAM or ICAM-1 expressbn aflerIL-1 signaling by FACS 
both known to be pro-inflammatoryresponders. Again, both positive AND negative " 
selectK,n can be emptoyed. For cells expressing tethered peptkles, the selection is 
straightfonvard as the Intracellular peptides above. Post-definition of the peptide 
sequence, it will be necessary to synthesize the peptide without the tether synthetically 
and determine if the peptide can workin the absence of the tether. 

For seciBted peptides the setup is more difficult as the responder cell must display the 
Phenotype and we must trace the peptide back to the SECRETING cell For this 
app««ch we can use any reporter gene or endogenous gene in the target cells as the 
readout The cells to be infected and whfch will secrete the peptides will be NIH3T3 l 
X 10' 3T3 cells will be infected with a ful^ representative library as outlined above 
Cells post-infection will be altowed to fom, cotonies of up to 1 0-20 cells. At this point 
med« Will be removed and the cells will be overtayed with a thin layer of 0.25% agar in 
med«. Once solidified, a thin, porous membrane Will be Placed overthe cells and we 
wdl then overlay on this plate the responder cells at high density, also in 0.3% agar 
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Plates and membranes will be marked with indigo blacic In this way secreted product 
can diffuse to the responder cells. For selection of PRO-inflammatory secreted 
peptides, after 48 hours responder cells will be lifted from the plate on the membrane 
and the membrane/cells/agar will be flipped onto a con^spondingly sized nitro- 
5 cellulose membrane. Cells will be lysed in situ by Sarcosyl or other appropriate 

detergent and then applied on the membrane to a high-salt solution and suction below 
the nitrocellulose. In this way cellular proteins will leach out of the agar matrix and bind 
to the nitrocellulose. The nitrocellulose can then be treated like a "Western" for 
induction or blockade of any of a number of different cellular proteins. In Initial tests we 

1 0 will use reporter genes driving enzymes such as b-gal or alkaline phosphatase to 

ensure assay sensitivity. As we perfect the assay it should be possible to set up direct 
measures of certain endogenous loci (such as TNF-a, NF-kB p65, etc.). Once cell 
areas on the membrane are noted, they can be traced back to the secretion cells by 
the indigo marking of the plates and alignment. NIH-3T3 cell "patches" corresponding 

15 to the appropriate area can be picked, expanded, and retested. As a positive control. 

viruses expressing TNF-a or IL-1 will be used in initial scaled mock-ups to calibrate the 
sensitivity of the search for pro-inflammatory peptides. 

Similarly, one can search for blockade of pro-inflammatory signaling. In this case, at 
24 to 36 hours post plating of the reponder cells, we v\nll add a pro-inflamnnatory 

20 cytokine such as IL-1 or TNF-a to the agar layers in a liquid overlaying the 
agar/responders. The plate is now, from bottom to top: Secretor 
Cells/Membrane/Responder Cells/Liquid Overlay. The pro-inflamnr«tory inducer will 
diffuse into the reposnder cells layer rapidly. Those cells that have been "protected" 
from pro-inflammatory events by a localized presence of an anti-inflammatory secreted 

25 peptide will not respond to the stimuli. As above, these can be detected against a 
background of responders by a nitroceltose assay for enzymatk: activity. The latter, 
that Is looking for "holes" against a background of positivity on the nitrocellose can be 
used to screen for inhibitors of pro-inflammatory events. As a positive control, viruses 
expressing IL-4 will be used in initial mock-ups to calibrate the sensitivity of the search 

30 for anti-inflammatory peptkies. 
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CLAIMS 

I Claim; 

1 . A method for screening for a transdominant intracellular bioactive agent capable of 
altering the phenotype of a cell, said method comprising the steps: 

5 a) introducing a molecular library of randomized candidate nucleic acids into a plurality 
of cells, wherein each of said nucleic acids comprises a different nucleotide sequence; 
b) screening said plurality of cells for a cell exhibiting an altered phenotype. wherein 
said altered phenotype Is due to the presence of a transdominant bioactive agent. 

2. A method according to claim 1 further comprising the step: 
10 c) isolating said cell exhibiting an altered phenotype. 

3. A method according to claim 2 further comprising the step; 

d) isolating a candidate nucleic add from said cell. 

4. A method according to claim 2 or 3 further comprising the step: 

e) isolating a target nwlecule using 
15 r) a candidate nucleic acid; or 

ii) the expression product of a candidate nucleic acid. 

5. A nr)ethod acconjing to claim 1 wherein said randomized candidate nucleic adds 
are expressed in said cells to produce a plurality of randomized candidate expression 
products. 
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6. A nrrethod according to claim 6 wherein said randoniized candidate expression 
products are peptides. 

7. A method according to claim 5 wherein said randomized candidate expression 
products are nucleic add transcripts. 

8. A method according to daim 1 wherein said nucleic adds further comprise a 
presentation sequence capable of presenting said expression product in a 
confbrmationally restricted form. 
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9. A method according to claim 1 wherein said introducing is with retroviral vectors. 

10. A method according to claim 1 wherein said cells are mammalian cells. 

11. A method according to claim 1 wherein said library comprises at least 10* different 
nucleic acids. 

12. A method according to claim 1 wherein said library comprises at least 10* different 
nucleic acids. 

13. A method according to claim 1 wherein said library comprises at least 10* different 
nucleic acids. 

14. A method according to claim 1 wherein said library comprises at least 10^ different 
nucleic acids. 

15. A method according to claim 1 wherein said library comprises at least 10® different 
nucleic acids. 

16. A molecular library of retroviruses comprising at least 10* different randomized 
nucleic acids. 

17. A rTK)tecular library of retroviruses according to claim 21 comprising at least 10* 
different randomized nucleic acids. 

18. A molecular library of retroviruses according to claim 21 comprising at least 10* 
different randomized nucleic acids. 

19. A nrrolecular library of retrovimses according to claim 21 comprising at least 10' 
diffierent randomized nucleic acids. 

20. A molecular library of retroviruses according to claim 21 comprising at least 10* 
different randomized nucleic acids. 
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21 . A cellular library of mammalian cells containing a molecular library of retroviral 
constaicts, said molecular library comprising at least 10^ different randomized nucleic 
acids. 

22. A cellular library according to claim 26 wherein said constructs are integrated into 
5 the cellular genome. 
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